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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MARINE ENERGY - WAVE, TIDAL AND
OTHER WATER CURRENT CONVERTERS -

Part 2: Design requirements for marine energy systems

FOREVVOUORD
1) Thd International Electrotechnical Commission (IEC) is a worldwide organization for/si izagj prising
all |national electrotechnical committees (IEC National Committees). i TE romote
intdrnational co-operation on all questions concerning standardization in the elegctxica iglds. To

this end and in addition to other activities, IEC publishes International Stangards, T j S i¢ations,
Teghnical Reports, Publicly Available Specifications (PAS) and Guiges 2 s “IEC
Pullication(s)”). Their preparation is entrusted to technical committees; brested
in the subject dealt with may participate in this preparatory work b 8 Y d non-
governmental organizations liaising with the IEC also participate ig thi 8 jorn. closely
withh the International Organization for Standardization (ISO) i \ i ined by
agreement between the two organizations.

2) Thd formal decisions or agreements of IEC on technical matfers gXxpresssas hea 3 ible, i ational
conlsensus of opinion on the relevant subjects since fom all
intgrested IEC National Committees.

b 3 ational
Cormmittees in that sense. While all reasonable effo i of IEC

Puljlications is accurate, IEC cannot be held\ \ tar the “'way in which they are used or for any
misjnterpretation by any end user.

4) In ¢rder to promote international uniformi ications
trarjsparently to the maxi rgence
betyween any IEC Publication and\the RORdi i 2 i icati indigated in
the|latter.

5) IEQ itself does not proyideNar b 9 formity
asspssment servie® q, i e °q for any
seryices carried 4@ i

6) All psers should enSuré

7) No [liability shall attagh\to IEX \ i prs, employees, servants or agents including individual expefrts and
mefnbers of its teghni i C National Committees for any personal injury, property danhage or
othér damage™af any nature, whatsoever, whether direct or indirect, or for costs (including legal fegs) and
expenses a(ising™¢ idation, use of, or reliance upon, this IEC Publication or any otHer IEC
PuRlicatjens.

8) Attgntioq i ative references cited in this publication. Use of the referenced publicafions is
indispensabhle foRthe\co

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

The maip task of IEC technical committees is to prepare International Standargs. In
exceptional circumstances, a technical commitiee may propose the publication of a Technical
Specification when

» the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

» the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical Specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 62600-2, which is a Technical Specification, has been prepared by IEC technical
committee 114: Marine energy — Wave, tidal and other water current converters.
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The text of this Technical Specification is based on the following documents:

Enquiry draft Report on voting
114/168/DTS 114/176A/RVC

Full information on the voting for the approval of this Technical Specification 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 parfs in the TEC 62600 series, published under the general fiile
Wave| tidal and other water current converters, can be found on the |IEC

Marine engrgy —

The committee has decided that the contents of this publication wi i hanged until
the sfability date indicated on the IEC website under "http://we i in thg data
related to the specific publication. At this date, the publication

e trgnsformed into an International Standard,

e regonfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilingual version of this publication m e issued q later date.
S

e

IMPORTANT - The ' go WCover page of this publication indigates
that |it contain' colours i e wvonsidered to be useful for the cqrrect

understanding ) ts\Users ould therefore print this document using a
coloyr printer.
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INTRODUCTION

This part of IEC 62600 outlines minimum design requirements for marine energy converters
and is not intended for use as a complete design specification or instruction manual.

Several different parties may be responsible for undertaking the various elements of the
design, manufacture, assembly, installation, erection, commissioning, operation and
maintenance of a marine energy system 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.

Any df the requirements of this document may be altered if it can be sujtab demonftrated
that the safety of the system is not compromised. Compliance with thjs nent dog¢s not
relieve any person, organization, or corporation from the responsibj etving| other
applidable regulations.

&
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MARINE ENERGY - WAVE, TIDAL AND
OTHER WATER CURRENT CONVERTERS -

Part 2: Design requirements for marine energy systems

1 Scope

1.1 General

This part of IEC 62600 provides the essential design requirements to
integrjty of wave, tidal and other water current energy converter
energly converters (MECs), for a specified design life. Its purpose is priate
level pf protection against damage from all hazards that may Je 9 imary
structlire, defined as the collective system comprising the s{ruct ation,
mooripg and anchors, piles, and device buoyancy designed i \

bering
narine

This document includes requirements for subsystem P ection
mechanisms, internal electrical systems, mechanical sy 5 they
pertain to the structural viability of the device—un Si hental
condifions. This document applies to ida ) nd to
structlires that are either floating or fi S . This document applies to
structlires that are unmanned during opeg

This gocument addresses site-specifi itions; 8 5 and
structpral interfaces, exterfia i , and
frequency), failure probability \and failucescon ctural
interfaces (overall risk [assessment S quate

redundancy). The effect oRgub

This [document G effects of MECs on the physical or biolpgical
envirgnment (unlegé ceptioh). This document is used in conjunction with the
appropriate IEC & andards, gé well as regional regulations that have jurisdictiop over
the inptallation.sit

1.2 |Apfplhica

This docum issapglicalle to MEC systems designed to operate from ocean, tidal and river
current energyrsourcgs, but not systems associated with hydroelectric impoundments or
barrages. Ahis documient is also applicable to wave energy converters. It is not applicable to
ocear] thermal energy conversion (OTEC) systems or salinity gradient systems.

Although important to the overall objectives of the IEC 62600 series, this document does not
address all aspects of the engineering process that are taken into account during the full
system design of MEC systems. Specifically, this document does not address energy
production, performance efficiency, environmental impacts, electric generation and
transmission, ergonomics, or power quality.

This document, to the extent possible, adapts the principles of existing applicable standards
already in use throughout the marine industry (structure, moorings, anchors, corrosion
protection, etc.) and by reference, defers to the appropriate international documents. This
document adheres to a Load Resistance Factor Design (LRFD) approach and the principles of
limit state design as described in ISO 2394.

MECs designed to convert hydrokinetic energy from significant hydrodynamic forces into other
forms of usable energy, such as electrical, hydraulic, or pneumatic may be different from
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other types of marine structures. Many MECs are designed to operate in resonance or
conditions close to resonance. Furthermore, MECs are hybrids between machines and marine
structures. The control forces imposed by the power takeoff (PTO) and possible forces from
faults in the operation of the PTO distinguish MECs from other marine structures.

The goal of this document is to adequately address relevant design considerations for MECs
that have progressed to an advanced prototype design stage or beyond. This refers to
technology concepts that have been proven either through analysis, open water test data,
scale model testing in tanks or dry land test facilities, and that are ready for
commercialization. It is anticipated that this document will be used in certification schemes for
design conformity.

2 Normative references

The fpllowing documents are referred to in the text in such a way that so [ their
content constitutes requirements of this document. For dated.refe e’ gdition
cited ppplies. For undated references, the latest edition of the Kefere 3t (incjuding
any amendments) applies.

IEC 6P812, Analysis techniques for system reliability ffects

analysis (FMEA)
IEC 6[1400-1, Wind turbines — Part 1: Désjgn re

IEC 6[1643-11, Low voltage surge protective\ds
conngcted to low-voltage power systenis — Requy

t°11: Surge protective devices
's.and test methods

IEC 6R305-3, Protection i i : Physical damage to structures anpd life
hazarg

IEC T[S 62600-1 a
Termihology

IEC T
Asses

al and other water current converters — Rart 1:

rt 10:

ISO 5
ISO 2

ISO 1p478, General principles of cathodic protection in sea water

ISO 13003, Fibre-reinforced plastics — Determination of fatigue properties under cyclic loading
conditions

ISO 14125, Fibre-reinforced plastic composites — Determination of flexural properties

ISO 14126, Fibre-reinforced plastic composites — Determination of compressive properties in
the in-plane direction

ISO 14129, Fibre-reinforced plastic composites — Determination of the in-plane shear
stress/shear strain response, including the in-plane shear modulus and strength, by the +45°
tension test method

ISO 14130, Fibre-reinforced plastic composites — Determination of apparent interlaminar
shear strength by short-beam method
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ISO 15024, Fibre-reinforced plastic composites — Determination of mode | interlaminar
fracture toughness, G,c, for unidirectionally reinforced materials

ISO 19900, Petroleum and natural gas industries — General requirements for offshore
Structures

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

ISO 19902:2007, Petroleum and natural gas industries — Fixed steel offshore structures

ISO 1P903, Petroleum and natural gas industries — Fixed concrete offshor ctures

EN 13495, Cathodic protection for fixed steel offshore structures

EN 13173, Cathodic protection for steel offshore floating struct
3 Terms and definitions
TS 62600-1 ds well

gndardization at the following
addrepses:

3.1
normal wave height

NWH @
significant wave heigp
3.2
prima

<mari
Moori

ation,

4 S

For t{hé{ purposes of this document, the symbols and abbreviated terms given in

C T FoYaYaXaVa WiV | 1 flo £all : 1
IE O UZUUU=T do WTIT do UIT TUTTOWITTY dpply.

d water depth

f wave spectrum frequency

Ip wave spectrum peak frequency

Jek characteristic concrete compressive strength
Seki characteristic cylinder strength

Je elastic buckling stress

Ty specified minimum yield stress

Fy load design value

F load characteristic value

g gravitational acceleration
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h ice thickness with a 50-year recurrence period

H,y extreme wave height with a recurrence period of 1 year
Hg extreme wave height with a recurrence period of 5 years
Hgy extreme wave height with a recurrence period of 50 years
Hpg breaking wave height

Hgwn  extreme wave height
Hywn normal wave height
rated device rated wave height

: 3 e ol
Hg stgnifrcant-wavetreight

Hg nsls  significant wave height of the normal sea state
extreme stochastic wave height with a recurrence period of

Hg o, extreme wave height exiting a device

Hg i, extreme wave height into a device

Hgt limiting value of H for transport, erection and/o
R internal forces

Ry design resistance

s slope of beach floor

S pseudo response spectrum

SWL still water level

T wave period
Tp peak wave period

Upw breakin@
U; current v i

device rat

Vi hodr. <1°H mean value of wind speed at 10 m height above SWL

V5 C)\tlclllb W;lluI prUd VV;“I d TCUUITTIILE pUI;Ud Uf 5 y€aros

D resistance factor

o ice crushing strength

ay standard deviation of the current velocity

oy.c characteristic standard deviation of mean current velocity at a specified probability
distribution

1% damping ratio

VE partial load safety factor

YEM partial load effect and resistance factor

M material factor

7Rd resistance model factor
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’s system effect factor

7sd load model factor

® angular frequency

A slenderness parameter; wave length

5 General considerations

5.1 General

There are a diversity of concepts and different approaches for MECs and there are broad and

varieq considerations for ensuring their structural integrity during lifecycle ph

A cor harine
struct ue to
their i apacity
to sunvive operating and extreme meteorologlcal and ocean ceghditi itrs ilure of
PTO, | grid loss, and other conditions that may not be.cowsidereq, i al shall be
considlered.

As part of the design process, the risks to structural integri S s of a
Failurp, Modes and Effects Analysis (FMEA), a Fai iticali alysis
(FMECA), or similar method as per ed to
determine the possible structural fail , iate : fabr|cat|on transporfation,
installation, service and removal of theNME sider the Iocatlon of |nstallat| n, the
devic ifies of
third parties in the area, including accid

5.2 |[Regulations

The re¢quirements of regiqna a nay~bedifferent from those given in this docyment.

nents of safety, reliability and durability ¢f this

The designer shall e
document and @

5.3

The u MECs
is avgi ion are
given| ingufficie is Or ignored completely. This applies to standards writtg¢n for
offshg i i

It is € esign

proceps.. Inymany cases those standards are not identified by this document. Form

al risk
assesjsment technlques shall be used whenever a ‘non-marine- renewable energy stand rd or
guidellt be d ‘ been

successfully adapted in preV|ous designs with a S|m|Iar appllcatlon

5.4 Quality assurance and quality control

The level of quality assurance and quality control shall be related to the consequences of the
component, sub-system, system or assembly failing. Certification of quality systems of
designers, manufacturers and operators by an accredited certifying body is desirable.
Effective quality control through verification of design, testing, inspection and monitoring are
essential for the success of the implementation of the technology. It is recommended that the
quality system comply with the requirements of an internationally recognized quality
management system.
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5.5 Safety levels

In addition to the multitude of MEC concepts, there are several aspects to consider when

defining the targets for safety and design

life. Safety levels shall consider different

expectation levels from different stakeholders and a balance among survivability, reputation,
maintenance, repairs and production costs.

A safety level shall be clearly established covering all phases of MEC installation, operation,
maintenance and decommissioning.

Safety levels shall be derived considering the following aspects and stakeholders:

When|selecting the safety level, the
(see §.1).

Three| safety levels with reference to 'cons
defingd in Table 1 along A
Clausg 7 for the use of th

rigk to life during installation, operation and removal of the MEC during/in-service, life

wigter, and location of site relative to sensitive environme
sefnsitive sites and visual impacts);

public reputation and societal considerations

ailure. Reference should be ma
e design process.

bilge

iles or

h and

bnced

d are
de to

levell failu

Safety \/(\\/\Wfinition Probabiljty of

e

A\
o}

year

SL2

SL1 Operating ¢ itions where\failure fimplies high risk of human injury, significant <1075 pel
envirgw\me tal polltgion ma conomic or political consequences
ing

E@nditions where failure implies: some risk of human <10~ pel
ironmentaf pollution or significant economic or political

evern 10, tallation- years. This level equates to the experience level from
major representative industries and activities.

year

SL3 Failure implies low risk of human injury and minor environmental and economic <1073 pef

year

consequences

Guidance is given in this document to achieve a safety level of 2 based on reference to
offshore wind and other offshore standards. Other safety levels may be appropriate based on
project particulars. Partial load safety factors specified in Clause 7 of this document are
based on target safety level 2. Partial load safety factors for any alternative target safety level
can be adjusted accordingly, provided that the probability of failure of the target safety level is
achieved.

Safety levels shall be considered while defining redundancy or safety features for the
equipment and systems. Higher levels of safety might be required for critical sub-systems and
components depending on their consequences of failure.
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A higher safety level may be required due to the difficulty in access for maintenance and
costs related to intervention offshore and the potential penalty of downtime to provide energy
to the grid. The assessment of reliability, availability and survivability strategy for a particular
device will directly influence the selection of an appropriate safety level.

Lower safety levels may be considered where there is a lower consequence of failure, which
may be applicable to smaller unit sizes or to river current energy conversion systems.

5.6 Design principles — structure and foundations

Due consideration shall be given to aspects related to the relevant limit state: ultimate (ULS),
servi H ; f f : 1
assocjated with the limit state design methodology often referred to as Léad>and Resigtance

Facto[ Design (LRFD) or Partial Safety Factor Design (PSFD). this
specifiication based on LRFD methodology.

Allowable Stress Design (ASD) methods consider the same of a
singlel safety factor rather than separate load and resistance ay be
adopt v

An al for a
given roach
requir

o de

e de

e CO

e ac

A par d throughout the entire design process of a MEC to
ensur i Cation
authofi

5.7

The H E S o identify limit states where the structure would no longer
meet iDe requirements. Clauses 6 to 9 further detail methodolodies to
ensur : '

[ ]

L]

[ ]

e operational limits on mechanical equipment, seals and bearings.

Based on identified limit states, all load cases where these limit states could be exceeded
shall be identified to enable design assessment (refer to Clause 7). For all identified load
cases, consideration shall be given to device fault and failure conditions that could affect the
device loading. It is important that the level of uncertainty surrounding the behavior of the
MEC at an early stage of development is considered when defining the basic load cases.

For all load cases identified, sufficient analysis based on the underlying physical principles
shall be undertaken to establish that the probability of exceeding any of the identified limit
states falls within the limits set out in Table 1.
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5.8 Other considerations
5.8.1 Stability and watertight integrity

The designer shall consider scenarios that could cause flooded or partly flooded
compartments or inadvertent shift of permanent ballast. Permanent ballast shall be
adequately restrained to avoid excessive movement and shifting due to device movements.
The designer shall consider how to restore adequate stability after flooding by connecting or
alternatively starting onboard bilge and/or ballast pumps. Provision of emergency supply to
pumps, or provisions for piping for external connection of such pumps shall be considered.
Free surface conditions for all floodable compartments shall be considered.

Subclpuse 7.3.7.11 deals with stability and watertight integrity.

5.8.2 Electrical, mechanical, instrumentation and control systen

Refergnce should be made to Clause 10 for detailed guidance on'e € pnical
systems and how they can impact structural integrity.

5.8.3 Reliability issues

A MEC consists of structural, systems that are
interdependent. Thus, it is essential to check not gnly(thle reliabili [ each of the systems
separptely but their impact on the device y planned inspection and
maintgenance of the device shall b ide ing, tl esign stage as discusged in
Clause 12. Guidance on considering a ’ i omponents and systems is
provided in Annex B.

5.8.4 Corrosion protection

Due donsideration shall be\give icture

and g¢omponents in tional
information.

5.8.5 Design f;r ‘

The manner in ct on
the sEEuctural N tionality throughout the service life of the device. In order for
any maintens : o be effective, it shall be considered in a holistic manner
throughou ¢ [ ruction and operation process. In particular, the planned
inspe¢tion _and a| ance shall be considered during the design stages to ensure that it is
practital, economic 2 afe. The designer shall also consider removal and decommissjoning

during the design . See Clause 13 for life cycle considerations.

5.9 |Operational and structural resonance

The designer shall take into account the harmonic response of both structural and mechanical
elements. Structural damping can be expected to be quite low. Hydrodynamic damping can be
quite significant and shall be estimated.

There are two types of MECs: ones that exploit a resonant response, in order to maximize the
power captured, and those that do not. Operational resonance refers to devices that exploit a
resonant response in order to maximize the power captured. For these MECs, the designer
shall pay close attention to the fatigue stresses and the fatigue life. The dynamic behavior of
the device may also require special considerations for stability beyond the normal margins
provided by the stability curves and requirements for ships or floating offshore installations.

For devices that do not exploit a resonant response, environmental loads may induce
structural resonance. The designer shall either ensure the natural frequencies of the
structural and mechanical elements are sufficiently separated from the exciting frequency or
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ensure that there is sufficient damping in the design so fatigue stresses induced are not
significant. Structural resonance can also occur in modes not associated with energy
conversion. It should be noted that avoiding natural frequencies will not completely eliminate
fatigue stresses. All MEC designs shall have adequate strength and safety factors to
accommodate fatigue stresses.

Guidance on the approach to consider operational and structural resonance and the
assessment of natural and exciting frequencies for MECs is provided in Annex D.

5.10 Basis of design

The basts—ofdesigndescribesthe-technicatapproach—anddesigmparameters—ptanned—for the
projegt. The basis of design summarizes all baseline data, loadings, materi istics,
desigh methodology, and applicable design standards that are to be eqQnsi ing the
desighn process.

The bpsis of design shall be applicable to all stages of development \ esign
stage|of an MEC (after the initial concept has been proven to, work)\ e fj tailed
design. The key objective of the basis of design is to ac i t that
promates consistency during all design work. Further 5 of a
basis [of design is provided in Annex E.

6 External conditions

6.1 [General

The ¢xternal conditions described in ( alysis
and prediction of environm i $. The
most | important enviro - ) , but
considleration shall also b IW W, i , i iti , ature,

fouling and other externakcanditions.

The marine cond onsiderations are divided into the normal marine

condifions, which wi € y than once per year during normal operation [of the
MEC, S condlt ons, which are defined as having a 1-year and 50-year
recurr iod, extreme conditions to be considered in desigh are
prescfi

6.2

6.2.1

The Normal)Sea State (NSS) is characterized by a significant wave height, a peak perigd and
a wave.djrection. The designer shall follow 1ISO 19902 when developing fatigue and ulfimate
load catcutations based on the NSSWhere avaitabie, Tegional or site specific data shall be
used to specify spectral shape and directional distributions

6.2.2 Normal wave height (NWH)

The Normal Wave Height (NWH), Hywn shall be assumed equal to the expected value of the
significant wave height based on the concurrent 10 min mean wind speed, Hg ygg Or derived
from analysis of appropriate measurements and/or hindcast data for the site of deployment of
the MEC. Consideration shall be given to the range of wave periods T appropriate to the
normal wave height. Design calculations shall be based on values of the wave period within
this range that result in the highest loads on the MEC.

The wave periods 7 in combination with the normal wave heights, Hy,yy may be assumed to
be within the range given by IEC 61400-3:
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111 Hsnss (V) g <T<143,/Hsnss(V)/ g (1)

where:

Hg Nss is the significant wave height of the normal sea state in metres;

14 is the 10 min mean wind speed in metres per second;

T is the wave period in seconds.

Short-term stationary irregular sea states may be described by a wave spectrum that
represents the power spectral density function of the vertical sea surface displacement.
Different combinations of wave periods, wave heights and directions at the same probability

level {e.g., 104 or 10-%) shall be considered to arrive at the most unfavorable values fpr the
differgnt action effects.

The most frequently used spectra for wind-generated seas are/Rje vitz| (PM)
spectfum for a fully developed sea, and the JONSWAP spectr ¢ ind sea.
Standard wave spectrum formulations are given in Annex F. T s based

on superposition of two modified Pierson-Moskowitz spectra or peak
spectfal model based on sea state and swell may also bg swell
spectfa can be found in ISO 19901-1.
6.2.3 Extreme sea state (ESS)
The desi [ p \ detfor the extreme signjficant
freme significant wave Height,
Hgg, igniticant wave height, Hgq, with a
and Hg4 shall be determmed from
; data for the site of MEC deployment.
The € € J ffom hindcast data may underesjimate
the r ) e/Into account the range of peak sgectral
period, appropriate [o respectively. Design calculations shall be baged on
values ofpeak spectral period g in the highest loads acting on the MEC.

treme
-year
eriod.
wind

value.
ihistic design wave shall be considered for the extreme wave height Hsg
g recurrence period of 50 years; extreme wave height H5 with a recurrence perjod of

- - , A es of
Hsg, H5 H4 and the assomated wave perlods may be determmed from anaIyS|s of approprlate
measurements at the MEC deployment site. Alternatively, the designer may assume the
following based on the Rayleigh distribution of wave heights:

Hso = 1,86 Hgsg (2)

Hgs = 1,86 Hgg (3)

and

Hy = 1,86 Hyg, (4)
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where the significant wave heights Hygq, Hys and Hg, are values for a 3 h reference period.

A recurrence period of 50 years corresponds to SL2. This shall be adjusted for sites where
extreme events with higher recurrence periods than 50 years are relevant (e.g. Gulf of Mexico
or North Atlantic).

The range of wave periods T appropriate to the severe wave height shall be considered in the
design calculations. The computations shall be based on values of the wave period within this
range that result in the highest loads on the MEC.

In deep waters, the wave periods T to be used with Hgywy may be assumed to be within the
range|given by Formula (1).

NOTE | Water is considered ‘deep’ for a wave, if its depth is greater than one-half of¢the*wave \ wave.
Otherwjse, it is considered ‘shallow.’

The gxtreme wave heights Hgy, Hg, Hq and the associated wave peri ow |water
sites hall be determined from analysis of appropriate site-Specifi 2nts. |n the
absence of measurements, Hgy, Hg and H, shall be assum J ing[wave
height if the breaking wave height is less than the values of Hgy [ from

6.2.5 Breaking waves

A brdaking wave is a wave whose\ampljtéde re al level that causes]|large
amoupts of wave energy to be transform \ ¢ energy when the crest |of the
wave pverturns. The effect of breaking ) i ivgn site
during the design of the MEC. Depend ng Q : abed,
break|ng waves are classifje i rgi

vaves
bights

Annex G provides guid
based on site conditio
for shpllow wate

6.2.6 Wave runxtp

hamic loads arising from the maximum vertical extent of
re above the still water level.

The designer
wave [travel g

6.3 |Sea
6.3.1

The most'common categories of ocean currents are: wind generated currents, tidal cufrents,
circulgtional currents, loop and eddy currents, soliton currents, and longshore currentg. The
total current velocity is the vector sum of all components at a given position in the water
column. The designer shall determine whether sea currents may be neglected for calculation
of fatigue loads on the components of the supporting structure considering the site
characteristics and MEC’s geometry.

6.3.2 Sub-surface currents

The sub-surface current velocity Ugg (z) profile may be characterized by a simple power law
over the water depth d, as a function of height z above SWL.:

Uss (2) = Usg (0) {(z+d)/a}V? (5)

The 1-year, 5-year and 50-year recurrence values of the sea surface velocity Ugg (0) may be
determined from analysis of measurements of tidal, storm surge, wind generated and wave
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induced surf. If the current velocity is of significant importance to the design, current velocity
measurements shall be carried out at the MEC deployment site.

Currents through the depth shall be combined vectorially with the design wave conditions.

6.3.3 Wind-generated near-surface currents

The wind-generated current may be characterized as a linear distribution of velocity U,,(z)
reducing from the surface velocity U, (z) to zero at a depth of 20 metres (m) below the static
water level SWL:

Uy (2) = U, (0) {(1+2)/ 20} (6)
The wind generated current velocity at the sea floor will be non-zergag water
depth|is less than 20 m.
The w wind
directlon and may be determined from

(7)

wherd ¥V 4_pour (z = 10 m) is defined as G ind speed at 10 m height pbove
SWL.
The 1year, 5-year and 50-year recurré -hour (z = 10 m) may be determined
from analysis of site measurements.
6.3.4 Tidal current
Tidal fcurrents are oft i g aphical features, such as headlands, inlefs and
straigpts, or by@ hnels.
Strong tidal curre p ).
Marin jes in
bathy s and
suppd sition
from , and
the sp
6.3.5
The s king waves along the coast shall be

Numerical methods (e.g. a Boussinesq model considering fully coupled wave and current
motions) can be used for the estimation of the breaking wave induced surf currents. The
near-shore surf currents that have a direction parallel to the shoreline (longshore currents)
may be estimated based on the current velocity U,, at the location of breaking waves as:

Upw = 2s5/gHp (8)

where:
Hp is the breaking wave height;
g is the gravity acceleration;

s is the beach floor slope.
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The breaking wave height may be estimated based on the site characteristics presented in
Annex G.

6.3.6 Normal current model (NCM)

The normal current model includes the appropriate site-specific combination of wind-
generated currents and breaking wave surf induced currents, if any, associated with normal
wave conditions.

For ultimate load cases involving normal and severe wave conditions the normal current
model shall be used with the velocity of the wind generated currents estimated from the

I 4 H pu | ol L £ N Y| 2\
relevgnrmearmrwia—Sspeea(rerer o Crause71)-

6.3.7 Extreme current model (ECM)

The gxtreme current model is defined as the appropriate site-spécifi ki f sub-
surfage currents; wind generated currents and breaking wave i g, if any,
assoc

For ultimate load cases involving extreme wave conditi eXtreme p shall

be asfumed together with sea currents using the sa

6.3.8 Normal turbulence model (NTM)

: s of the bed, the shape and
lengthl of the channel and the flow me3 . ence’is generally described by the
spectfum of velocity fluctuations in the i

The NTM represents turbdlen \ teriys of a characteristic standard deyiation
of mean current velocity, g - ragteristic\standard deviation o . is defined gs the
90 % puantile in the prokabili i i standard deviation o of the current velocity
condifioned on th S locity at a specific point in the water cqlumn.
Guidance on ¢ fard deviation oy, ; based on wind turbulence is

provided in IEC ) elling the NTM, a frequency spectrum shall be usefl with
suitab i gncigpectrum WI|| be a function of standard deviatjon of
mean . ‘ a o takke account of spatial coherence. It has been showh in a
numbe - dtidal turbulence seems to fit wind turbulence models.

NOTE urbSim user guide (TurbSim User's Guide Version 1.06.00) that Ras the
relevant fé . This model is similar to the turbulence model used (in TurbSim) for non-complex
wind s . Als ~(2013) reported that the Von Karman spectrum model, a wind turbulence sgectrum
model, ave a keasonable fit to measurements of tidal turbulence if suitable length scales were uged.

6.3.9 bulence model (ETM)

The ekireme turbulence maodel describes dynamic loads produced by tidal or estuarial flows in
extreme conditions. The Extreme Turbulence Model (ETM) represents turbulent current
velocity in terms of a characteristic standard deviation of current velocity, oyc The
characteristic standard deviation oy, is defined as the 98 % quantile in the probab|I|ty
distribution of the standard deviation o, of the current velocity conditioned on the 10 min
mean current velocity at a specific point in the water column. For guidance on the frequency
spectrum, spatial coherence, etc. see the guidance given for the NTM.

Guidance on the turbulence models can be taken from IEC 61400-1 but the models shall be
calibrated with the (partial) factors of safety to ensure the governing safety level is achieved.
In both cases the standard deviation is defined in terms of a reference turbulence intensity
(and velocity at the turbine hub and other factors). But, for tidal streams turbulence intensity
seems to vary with mean tidal speed (Milne et al. 2013, Osalusi, 2010), with turbulence
intensity increasing as mean tidal speed decreases. The NTM and ETM shall therefore be
related to a specific point in the tidal cycle, i.e. there shall be NTM and ETM for each point at
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the tidal cycle where the loading is calculated. In addition the turbulence shall be measured in
all three orthogonal directions and then the standard deviation derived for each direction.

Tidal site measurements for turbulence shall take account of the influence of waves on
fluctuating tidal speed. When deriving the loading from the tidal current, the influence of
waves and turbulence shall be dealt with separately as the influence of the wave loading will
have more variability than the turbulence.

6.4 Wind conditions

The MEC shall be designed to safely withstand the wind conditions adopted as the basis for

d H Tl 1 H pu | alads <l 4lo pu | H H pu | alads la Ll la, 4 L H
esigim—rme—hormar—wirt—conattons—and— e aeSign—wita—conattons—sar—oe—tanen In

accorgance with IEC 61400-1. The wind conditions may be rd is
insigniificant.

The wind regime for load and safety considerations is divided into itions
that gccur more frequently than once per year during normal of d the
extrethe marine conditions, which are defined as having D-year
recurrence periods.

6.5 [Water level

6.5.1 General

The wvariation in water level at the site s bf the
hydrogdynamic loading of MECs. The desi S to the
mean|sea level (MSL) for ultimate lo 5 and

NWHY). Different water levels are illustrated in Fig

-

P — ]

N

pe

U
E
IEC
HSWL highest still water level
HAT highest astronomical tide
MSL mean sea level
LAT lowest astronomical tide
CD chart datum (often equal to LAT)
LSWL lowest still water level
A positive storm surge
B tidal range
C negative storm surge
D maximum crest elevation
E minimum trough elevation

Figure 1 — Definition of water levels (see IEC 61400-3)
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6.5.2

Normal water level range (NWLR)

The normal water level shall be assumed equal to the variation in water level with a
recurrence period of 1 year. The normal water level range may be assumed to be equal to the
variation between highest astronomical tide (HAT) and lowest astronomical tide (LAT) in the
absence of site-specific data to characterize the long-term probability distribution of water
levels.

The NWLR shall be assumed for those fatigue and ultimate load cases involving the normal
sea state model (NSS) based on the joint probability distribution of sea state conditions, wind

speed and current speed (Hg, Ty, Uss)-

6.5.3 Extreme water level range (EWLR)

The extreme water level range shall be used for ultimate load comp C due

to thel wave conditions with a recurrence period of 50 years. Dete all be

based on the water levels that result in the highest loads acting o evant

goverhing design water levels shall be determined for compu hding,

ice loading, and buoyancy of the support structure.

The d¢esign calculations shall include the following joint

probafility distribution of water level is not available;

e highest still water level with a rec priate
combination of highest astronomical tide a

o loyest still water level with a recu &._peri zars, based on an apprdpriate
combination of lowest astronomical fide and“egative storm surge; and

e water level associated load

6.6 |Sea and river ice

Loadipg on the compopen of a MEC due to sea or river ice can be critical in

some|areas. Ic i re/subfreezing temperatures can prevail a |[major

portion of the ye : i S se areas as first-year ice, multi-year floes, firsr-year

and multi-year pre i ' ice islands. Ice features will influence the desigh and

constfuction of MECs: gs vary depending on factors such as location, sige and

configuration C iee failure, temperature, salinity, speed of load appliqation,

and ide compositian

Ice fofcé » ¢ loading from a fast ice cover, or dynamic loading caused by wind

and cyrrentinduce ioh of ice floes. Moving ice floes impacting the MEC over an extgnded

period of time_ R gsult in significant fatigue loading. River MECs need to consider the

sprind freshet'wallef’ice’. A site-specific assessment of the occurrence and properties |of the

ice shall’be’undertaken prior to the design of the support structure. The following parameters

shall bexdetermined from the assessment:

e ice thickness, &, with a 50-year recurrence period;

e ice crushing strength, o;

e risk of current or wind induced ice floe;

e risk of forces induced by fluctuating water level; and

e frequency of ice concentration.

NOTE Ice capable of disrupting the harvest of tidal power currently occurs in the Bay of Fundy, Nova Scotia.

Recommendation has been made for deployment of tidal current harvesting devices in the headwaters of the Bay of
Fundy to be designed for 30 % cover by 15 cm thick ocean ice in 100 m floes.
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6.7 Earthquakes

Seismic forces shall be considered for sites that are determined to be seismically active. The
designer shall define the pseudo response spectra for the design of the MEC primary and
support structures. For a given damping ratio y and angular frequency o, the pseudo response
spectrum S gives the maximum value of the response over the duration of the response. The
designer shall consider non-linear effects that may require site-specific time history analysis
for specified ground motions.

6.8 Marine growth

ctural
pased
ds on
locati bwth).
Site-s s and
depth|dependence of the growth for a given location.
A strgtegy for inspection and possible removal of marine grow < art of
the slipport structure design etk moval
criterip shall be based on the impact of marine grewth © ity and
perfoqmance of the MEC and the extent of marine gro i
6.9 |Seabed movement and scour
The gomponent or support structure © Nt the
influepce of seabed movement and sco
The analysis of seabed mo L i i ior] shall
confofm to the requiremeR \
6.10 [Ship collisions
The effect from ice Vessel collisions shall be considered.
6.11
The desi 3 account environmental conditions such as: air temperature,
humidity, air % i adiation, rain, hail, snow and ice, chemically active substances,
mechanically iV ances, salinity causing corrosion, lightning, water density and
viscogity, W emperature and any other environmental condition that may impact the|MEC.
The pfobability~0f simyltaneous occurrence of climatic conditions shall be taken into account.
7 Lpads and load effects

7.1 General

The integrity of the load-carrying components of a MEC structure shall be verified to an
acceptable safety level as defined in Clause 5. The ultimate and fatigue strength of structural
members shall be verified by calculations and/or tests.

Scale model tank testing and field test data may be used as a support for calculations to
verify the structural design.

7.2 Loads

The loads described in Table 2, which are relevant for the specific MEC site and geometry,
shall be considered in all design calculations.
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An analysis of the dynamic response of the MEC shall be performed.

Table 2 — Types of loads that shall be considered

Load

Description and design approach

Gravitational and
inertial loads

Static and dynamic loads resulting from gravity, vibration, rotation and seismic activity.

Actuation loads

Result from the operation and control of the MEC.

The interaction of the MEC control system with the low-frequency motions of the structure
shall be considered in the control system design and load analysis. The designer shall pay
close attention to the assessment of fatigue stresses and the fatigue life where resonance

and dynamic amplification o motions happen.

Hydrc]static loads

Result of still water pressure acting on the immersed surfaces of a bédy.

Hydrgdynamic Result of stationary and dynamic loads that are caused by wate h with

loads the immersed body. Hydrodynamic loads depend on the watey/ki iy,
water depth, the shape of the immersed structure, and hydro-glastc ave
loads, current loads, etc. as described in 7.3.2. and TW

Wavelloads Result of interaction of the wave with the structure. A relgvant \;ﬁ bd to
calculate wave kinematics parameters such as wa i igns at
MEC components
For submerged components of the MEC, periodic pr iati i es
shall be considered.

gnces,

In the analysis of wave-induced loads/th
if not explicitly modeled,}h’é{be corisjdergd.

Breakiing wave
loads

that\caf lead to dynamic magnification, dependirjg on
ral pew the structure.
shoreline, fatigue loading due to bregking

reaking wave loads contains many
the evaluation of the loads.

ow water hydrodynamics and the influence |of
ensions of breaking waves.

Wave|slamming
loads

d providing sufflment dlstance between the probable highest wave
urrence period and the lower edge of the MEC componen{.

e)e atlo

Greerlwater

es It f ov top g of/a body of seawater during severe wave conditions. Structural
loads (\ rs\exposed to greenwater shall be designed to withstand appropriate design hegd
sukes.

Currept |
including~iver
currents

esu of ate\T/owmg around a structure producing variable pressures and flow paths.

ay be within the resonant frequencies of structural components of the MEC
nd\mpose significant loading on the structure.

the vertical velocity profile of the current cyclic bending moments can arise and|shall
be considered in the design of the MEC where relevant.

Cavitation can impose additional loads on the structure and shall be considered.

Periodic loading due to passing waves on current may act on the MEC and shall be
considered where relevant.

The influence of marine growth and of appurtenances on current loads shall be considered.

Current loads on mooring lines and other components connected to the structure shall be
accounted for in the analysis using appropriate drag coefficients.

Vortex shedding

Dynamic loads determined by the geometry of the structure and the velocity of the currents
and waves.

Aerodynamic
loads

Quasi-static and dynamic loads that are caused by the airflow and its interaction with the
MEC’s components above the water surface. Determined by average wind speed, the
turbulence intensity, the density of the air and the aerodynamic shape of the MEC’s
components above the water surface and their interactive effects, including the aero-elastic
effects.

Vessel impact

Determined by vessel size, mass, speed, and incident angle. The indirect interaction are
typically dominated by the vessel wake, vessel induced velocity and propeller/rudder
effects.
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Load Description and design approach
Debris impact Includes fouling from floating debris, such as fishing nets and plastic waste that may include
loads large entrained masses, such as floating logs, chemical debris and fuel slicks.
Array effects Includes loads from mechanical, mooring or other interconnections between neighboring

units, hydrodynamic sheltering and other interaction effects between devices or other
structures in proximity.

Seismic loads Includes direct loads generated by seabed movements and fluid loads caused by the
seismically induced fluid motions such as tsunamis.

Topside icing Includes stability and structural issues caused by icing of the structure above the waterline.

Ice loads Results from a fast sea or river ice cover and/or dynamic loading caused by wind and
current induced motion of ice floes and cause significant fatigue loading.

Consfruction Includes loads during fabrication, assembly, transportation and instalfation~of the MEC

loads

N

7.3 |Design situations and load cases
7.31 General

For design purposes, the life of a MEC can be repre set htions
covering the various conditions that the MEC may e vation
of degign load cases is described.

The lgad case shall be determined fr ance,

and dperational modes or design sit | load

cases| with the corresponding probabilit h with

the bghaviour of the control and safety(systems.

The design load cases bll be

calculated from the foll

e ngrmal design/situ

o faylt design @ e and
appropriate exte

e ndrmal designi sit

e dgsign situatians fogitra y and
thé appropriate €

If any|correlati ists.betiveen an extreme external condition and a fault situation, a realistic

combination of{he t

7.3.2 Interaction with waves, currents, wind, water level and ice

MECs shall be analysed considering the inferaciion with waves, currenis, wind, water level
and ice. Theoretical formulations developed for ships, offshore structures and coastal
engineering problems can be used for analysing MECs as per guidance provided in 5.3.

The combination of extreme external conditions shall be performed in a way that results in the
global extreme environmental action on the structure with the combined specified recurrence
period of 50 years.

If there is no project site information available about the combination of the extreme external
conditions, the recurrence periods as stated in Table 3 can be used to derive environmental
combinations for a 50-year recurrence period. The adverse directional alignment of wind,
waves and currents shall be considered. A worst case directional alignment need not
necessarily be the co-alignment of environmental loads and the interaction of wind, current
and waves may be relevant.
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Table 3 — ULS combinations of uncorrelated extreme events

Environmental External event and recurrence period (years) to define characteristic value of
combinations corresponding load effect
Waves Current Water level Wind Ice Comment
1 5 5 50 50 -
2 50 5 50 5 -
50 (wind)
3 5 50 5 -
18 (tidal)
4 - 5 MSL 5 50
5 50 5 50 50 //\ For wingiswell
7.3.3 Design categories
Normal, extreme, abnormal and transport and erection design gogies\ are> defined in

Table|4.

Table 4 — Design catégori

Design category

Normal

@
Extreme Q
AR

Prked/idling

Parked/idling plus fault

Survival

Survival plus fault

Abnorma,

Qe

Y%

Earthquake/tsunami
Parked/idling plus major fault
Survival plus major fault
Rare ULS fault conditions

Accidental events

Q

Wction

Installation

Maintenance

Decommissioning

7.3.4

7.3.41

The structural performance of a whole structure or part of it shall be described with reference

Limit states

General

to a specified set of limit states beyond which the structure no longer satisfies the design
requirements. The following limit states shall be considered.

7.3.4.2

Ultimate limit state (ULS) places a structure at the cusp of failure, and typically corresponds
to the maximum load-bearing capacity. The following failure modes shall be considered when

determining

Ultimate limit state (ULS)

the ULS:
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o loss of static equilibrium of the structure, or of a part of the structure, considered as a rigid
body (e.g. overturning or capsizing);

o failure of critical components of the structure caused by exceeding the ultimate strength
(in some cases caused by repetitive actions) or the ultimate deformation of the
components;

e transformation of the structural geometry (collapse or excessive deformation);
o loss of structural stability (buckling, etc.);
o loss of station keeping (free drifting); and

e sinking.

7.3.48 Fatigue limit state (FLS)

The fatigue limit state, which generally corresponds to the effect of 4 ludes

the following states:

e cumulative damage due to repeated loads; and

e reguction of structural integrity beyond safety factor all

7.3.4. Serviceability limit state (SLS)

Depending on the design and function, the serviceability limit’s
limiting values that are oriented towards the ngo '@ge
include:

etermined by various
1se. Limits to be obderved

¢ dgformations or movements that structural or non-stryctural

components;

e excessive vibrations ppeducing di or waintenance personnel or affecting non-
stiuctural componentor equipment_ (¢ s if Pesonance occurs);

e log¢al damage (i i i thatreduces the durability of a structure or affedts the
usie of structural or(non<s

e cofrrosion th@ i the structure and affects the propertieg and
geometrical paran S i al gnd non-structural components; and

¢ motions that ekxceed
7.3.4.

The A ' ures \that local damage or flooding does not lead to complete I¢ss of
integrjty orper

The intention-of thi it state is to ensure that the structure can tolerate specified acciflental
and 3gbnormal events and maintain structural integrity for a sufficient period to gnable
evacuation to take place, where necessary.

7.3.5 Partial safety factors

The target safety level for a MEC shall be assumed to be SL2 according to Clause 5 and the
probability of failure shall be less than 10~4.

A partial load safety factor y; shall take into account the probability of the load occurring and
that certain limiting values will not be exceeded with a given probability. y; reflects the
uncertainty of the loads and their probability of occurrence (e.g. normal and extreme loads),
possible deviation of the loads from the characteristic values, plus the accuracy of the load
model (e.g. gravitational or hydrodynamic forces). Partial load safety factors are defined for
the ULS limit state for design categories in combination with the load sources in Table 5.
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If the loads of different origins can be determined independently of each other, the partial
safety factors y; for the loads shall be 1,0 for FLS, SLS and ALS conditions.

The partial load safety factors in 7.3.5 are valid for all MEC components except for the
mooring systems. For the mooring system please refer to Clause 11.

In many cases, especially when unsteady loads lead to dynamic effects, the load components
cannot be determined independently of each other. In these cases, the highest partial safety
factor y; of the corresponding limit state/design category shall be applied for the loads.

Table 5 — ULS partial load safety factors y; for design categories

Unfavorable loads ( Norable ILads

N
Design category /\<

All design
Normal (N) | Extreme (E) Abn(Zl')mal Tra“SPO’ﬁséi\ categorips

Envirgnmental 1,35 1,35 1,1 1}\\ \ ) 0,9
0,9

Opergtional 1,35/1,5° 1,35 1,1 \LRS

T 5\ 0:9

Sourge of loading

Gravily 1,111,352 1,111,352 1,1
%trr(‘:‘z inertial 1,35 1,35 1,( /(\ w 0,9
A f\ A

Heat |nfluence - 1 > () t\) 0,9

2 Fqr masses not being determined by Welgh g.
b Fqr MECs working within £5 % of the struc reso (egnpoint absorber

<

The partial load safety saféty level 2 according to Clause §. If a
differgnt target safety I 3 i en for the MEC design, y; shall be adjusted
accordlingly.

In order to cope that te teghnology of many designs is new and yet unpfoven,
the partial load safgf 2 may be increased. To ensure reliable design vplues,
the uncertainties oads are covered by the partial load safety factor$ y; as
followps:

Fy=7e By (9)

whergq:
Fy is [the design value of the load,

F, is the*characteristic value of the load;

y¢ is the partial safety factor for the load. The partial load safety factors are independent of
the materials used and are stated for all load components under consideration. Refer to
Clause 9 for guidance on material factors.

7.3.6 Simulation requirements

Dynamic simulations utilizing a structural dynamics model shall be used, where appropriate,
to calculate load effects on the MEC. Certain load cases have a stochastic current and/or
wave input.

When dynamic simulations are used, the total period of load data for these cases shall be
long enough to ensure statistical reliability of the estimated characteristic load effect.
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For stationary load cases for tidal energy converters (TECs) (e.g. power production), at
least six 10 min stochastic realizations shall be required for each mean current speed
considered in the simulations. Constrained wave methods may be used for this purpose.

For stationary load cases for wave energy converters (WECs), at least six 3 h stochastic
realizations shall be required for each sea state considered in the simulations. This
requirement may be relaxed and shorter realizations may be assumed if the designer is
able to demonstrate that the estimated extreme response is more conservative than that
obtained with 3 h realizations. Constrained wave methods may be used for this purpose.

For transient load cases for both TECs and WECs (e.g. stopping procedures) at least six
10 min simulations shall be carried out for each event at the given current speed and/or
sea state.

Longdr simulation periods may be required for mooring systems with low fatura cies.

desigh load cases,rg

The mean value and the turbulence of the current speed and/or neight
used ps input to load cases requiring dynamic simulation shall be ‘g hosen
simulation period.

More guidance about the simulation approach can be found

7.3.7 Design conditions

7.3.7A( General

The cpmbination of the design categorie i i @ Fix. At
a minimum, the relevant design load cags& [ dered
for the design of the MEC. If other realisti ine - i these
shall also be considered

The wave heights andpcurrent spee bles 6
and 7| may be represe te i vafues provided that the resolution is sufficient

lar wave with the respective significant|wave
ay be assumed for TECs. In the definition |of the
e is made\to the environmental conditions described in Clauge 6.

to assure accur
height and the n

For pprts of the W i are expgsed to wind and where wind is relevant for loadjng, a
stead i ed The response shall be estimated from a quasi-gteady

analysis

In all| design_conditions e designer shall ensure that the number and resolution pf the

normal sea sta
the lopg-termdistrib

sidered are sufficient to account for the fatigue damage associated with
ion of metocean parameters.
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7.3.7.2 Normal operation (power production)

In this design condition, the MEC is in operation and connected to the electrical grid. The
assumed MEC configuration shall take into account any imbalance of the PTO unit, where
relevant. The maximum mass and hydrodynamic imbalances specified for manufacture shall
be used in the design calculations.

In addition, deviations from theoretical optimum operating situations, such as yaw
misalignment (e.g. for tidal energy converters) and control system delays, shall be taken into
account in the analyses of operational loads.

This |design condition includes loads resulting from wave loading 2 hamic
turbulence (currents). Normal sea state (NSS) conditions shall be assumd for nd the
turbulent current model (NTM) shall be considered for TECs. The ifica eight,
peak ppectral period and direction for each normal sea state shall r with
the agsociated mean current speed, based on the long-term join afjon of
metog 11Ty catter
diagrg

7.3.7.

Any f rolled
excit D unit
(e.g. ~ : d shall
be aspumed to occur during power prs i i Its do
not ogcur simultaneously. The occurrence_of a S , ich i dered
a normal event, shall be analysed. Ex€eedance 0 imiti ystem
(over , imitati 3¢ ipvestigated. These faults shall be
consi

The @ S ht are
considlered to be arel events br the
safety i shock,
runaw These
faults

If a fa ficant
fatigu Jinary
desig

7.3.7.4

This desigh eondition includes all events resulting in loads on the MEC during the trangitions
from gny/standstill or idling situation to power production.

The probable number of start-up procedures at different levels shall be considered. The levels
shall be selected based on the long-term joint probability distribution of metocean parameters
appropriate to the anticipated site.

7.3.7.5 Normal shut-down

This design condition includes all the events resulting in loads on the MEC during normal
transitions from power production to a stand-by condition (standstill or idling).

The probable number of shut-down procedures at different levels shall be considered. The
levels shall be selected based on the long-term joint probability distribution of metocean
parameters appropriate to the anticipated site.
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If applicable, further shut-down procedures shall be taken into account due to site-specific
requirements, such as shadow criteria or conditions for installation within a MEC array
(curtailment strategy).

7.3.7.6 Emergency shut-down

This design condition covers manual actuation of the emergency pushbutton. For this load
case, the PTO unit shall be brought to a standstill (or idling in case of MECs without braking
devices). The probable number of emergency shut-down procedures shall be considered for
different operational levels. The levels shall be selected based on the long-term joint
probability distribution of metocean parameters appropriate to the anticipated site. The
maximum level to be considered is the Iimiting condition for maintenance

7.3.7.7 Parked (normal)

For this design condition, the PTO unit is in stand-by mode ( ormal
envirgnmental conditions.

Irregullar sea state conditions shall be assumed. The signific ) ectral
period and direction for each normal sea state shall be setected Stk ; Ciated
mean| current speed, based on the long-term joi oili istrib bcean
paranjeters appropriate to the anticipated site. The desigrer g that the numbeér and
resoldtion of the normal sea states considered are\ suffigient\to i dmage

assocjated with the long-term distribution of me

7.3.7.8 Parked/survival (extreme)

g mode. For some designs, thg MEC
. Extreme environmental conditions

For this design condition, the PTO is ip standstilbor
may be operational and cennected to thetric
with g recurrence period ¢ ears

Eithen the steady current™»nods . ent current model shall be used. If the turpulent

current model is dsed stimated using a full dynamic simulation.|If the
steady current mqdel i shall be estimated from a quasi-steady analysis
Additipnally, ei jula irregular sea state shall be considered. If a stochastic
sea slate is onsi e response shall be estimated using a full dynamic simulatjon. If

regulgr wa S €sponse shall be estimated from a quasi-steady analysig with
appropriate ¢

The §0-year 'recurrence value of the significant wave height for WECs and the 5(-year
recurfence-value ofthe mean current speed for the TECs shall be considered. The recufrence
value|is(a measure of the probability that a given event will be equaled or exceeded 1n any
given lyear

Note that hurricanes observe a different distribution function of extremes when compared to
conventional storms caused by fronts and depressions. In areas where hurricanes may occur,
two sets of extreme conditions shall be derived.

7.3.7.9 Parked/idling plus fault conditions

This design condition considers the non-stand-by state (standstill or idling) resulting from the
occurrence of a fault. Deviations from the normal behaviour of a parked MEC, resulting from
faults in the PTO unit, shall require analysis. If any fault produces deviations from the normal
behaviour of the MEC in parked situations, the possible consequences shall be considered.

The fault condition shall be combined with extreme environmental conditions and a recurrence
period of 50 years.
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If a grid failure with duration of up to one week may occur and no backup energy system or
redundant electricity supply is provided, the behaviour of mechanical brakes and the safety
system shall be considered in the load assumptions.

Either the steady or turbulent current model shall be used for design situations. If the
turbulent current model is used, the response shall be estimated using a full dynamic
simulation. If the steady current model is used, the response shall be estimated from a quasi-
steady analysis with appropriate corrections for dynamic response.

Additionally, either regular waves or irregular sea state shall be considered. If irregular sea
state is considered, the response shall be estimated using a full dynamic simulation. If the
regulgrwaves are used, the Tesponse shattbe estimated from a quasi-steady amalysip with
appropriate corrections for dynamic response.

The %0-year recurrence value of the significant wave height fo
recurrience value of the mean current speed for TECs shall be cons

D-year

7.3.7.10 Vessel impact

Both i < i (s ‘May ur from veéssels

7.3.7.

The s 3 ¢t Stability) that cover stability
and W 3 MEC.
When

Temp ; i cofferdams used for access, installatjon or
remoy i i S shore
struct vatertight integrity, strength of the dgvice,

closin nings, bilge and ballast systems, ventjlation

For flpati t gbility and behaviour during the various transporfation,
ballasting and ri 3 A be analysed. Compartmental flooding and
Surviv

7.3.7.

For M Id”in position by mooring systems, the situation after loss of sfation-
keeping shall-be~considered. The loss of one or more mooring lines shall be anajysed,
depending on the redundancy of the mooring system. The situation shall be combined with
extremeenvironmental conditions with a recurrence period of 50 years.

7.3.7.13 Earthquake, tsunami

The loading caused by sub-sea earthquakes shall be taken into account in regions at risk of
seismic activities. The investigation of earthquake-generated loads is based on the
combination of the current and wave loads and earthquake acceleration with a recurrence
period of 500 years.

The loading caused by earthquakes shall be combined with normal external conditions. All
relevant load cases shall be taken into account.

Tsunami-type waves resulting from sub-sea earthquakes may have to be considered in
particular cases. It will be decided from case to case, depending on the probability of
occurrence, whether a tsunami and the resulting loading have to be considered in connection
with the design earthquake, or as an accidental load.
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7.3.7.14 Transport/installation/maintenance

The manufacturer shall state all the environmental conditions and design situations assumed
for transport, installation and maintenance of the MEC, and especially up to which maximum
average current speed, significant wave height and oblique inflow the MEC may be installed
and maintained. The maximum current speed and/or the significant wave height specified by
the manufacturer shall apply for active work on the MEC. If the environmental conditions

exceed the specified limiting values, the work shall be halted.

In the case of maintenance, particular consideration shall be given to the effect of the various
locking devices and the maintenance position that may have been adopted. Verification of

standstill without the PTO unit lock activated shall be pmvidpd up to a defined nhliqup inflow
and/of a defined significant wave height.

In addition, the situation shall be taken into account that the MEC has in the
locked condition. For this design condition, environmental conditiors W beriod
of ong year shall be considered.

Long |periods where the MEC is not fully installed or i pll be
considlered in fatigue and ultimate load analysis. Althoug shall
be cage-specific, a period of 3 months may be used a

An ogerational boat impact may arise during o mpact
with the dedicated maintenance/insjaltati f the
maintgnance vessel (displacement) shall be ject.
The mpaximum permissible significant ptions
near the MEC installation shall be nd M)
manugl. Any areas wherefessel so be
specified in the O and M

Functlonal loads~oc i [ allation and maintenance of the MEC shall be
considlered. They :

e weight of tools a

. IoIds from ope and other conveyance equipment;

e |oads froR S i s, for example helicopter; and

o moorngifendekng-loads from vessels serving the MEC.

The operatoregdesigner’shall specify all functional loads, weight of tools and equipmenjt. The
speciqications shall gbso contain indications regarding permissible load combinations and
limitafions’ Any such’limitations shall be stated in the O and M manual.

7.3.7.15 Ice

Refer to ISO 19906:2010, A.6.4.2 for guidance on design for ice conditions.

8 Materials

8.1 General

There are many factors that influence material selection for MECs. Consideration shall be

given to:

e component shape;
e dimensional tolerances required;

e mechanical properties (static, dynamic and fatigue strength and stiffness);
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e corrosion properties (temperature, seawater properties, surfaced, submerged, depth, etc.);
o effect of combining material systems; and

o life-cycle cost (e.g. cost of material, cost of manufacture, cost of maintenance and cost of
installation and removal).

None of these factors shall be viewed in isolation as there is a complex interaction between
them. Primary consideration shall address the manufacturing process proposed for candidate
material systems.

8.2 Material selection criteria

Only suitable materials with documented mechanical properties shall be used for the, [force-

and moment-transmitting components of a MEC. Materials chosen sh o the
demapds to be made on the device, particularly the type of load/(ie. i ck, or
oscillating), environmental conditions and component geometry. C s “partial
factorp for material” that shall be applied in the LRFD method to ascovni\for Wncertainiies of
materjal physical properties.

Required design analyses and material tests shall be spedified body.
The type and extent of material testing depends on—the i on a
component and on the variability associated with the

A malferial with suitable fracture toug kness

shall pe selected. Fracture toughnes§ is ypert ness.

For metals, fracture toughness in the ndent
on thg welding procedure.

Cyclig wave or machiner C i hant early
failurg. The ability of stifyctu ' : ration
(damping characteristi¢s ide

The gorrosion ane, d j tivity,
electr|cal resistivity] a y properties of candidate materials systems shall be

g the device design and operation. When compining

consir:fered based
special attention shall be paid to the compatibility of

dissinpilar materia

physi¢al propertie 3 y al expansion and galvanic potential).
The friction ici inst’support, clamps etc. (both first movements and after af large
number ¢ hall be considered. Wear resistance is a property of the entire| wear

system and ; sured for the entire system. Friction coefficient values shpll be
meastred in.the 3nt temperature range and environment. Consideration shall be giyen to
surfage roughness,>slrface finish and the presence of any substance that may act to fause
the aqtual friction coefficient to differ from the ‘dry’ friction coefficient.

The fatigue strength, crack initiation and growth, effects of loading rate, frequency (e.g., low
cycle, high cycle), mean stress, notch effects, biaxial effects, crack initiation and creep crack
growth of materials considered for MEC construction shall be considered.

For metallic materials, the most important tools in defining the fatigue capacity of a structure
are the S-N curves that give the number of cycles until damage occurs at given dynamic
stress levels. S-N curves for the parent material and welded structural details shall be used to
ensure that the dynamic stress level is below the given limit for the anticipated fatigue life of
the device. The use of higher-strength materials to reduce weight increases static and
dynamic stress levels, thus a structure may be more susceptible to fatigue loading.

When selecting composite materials, design for cyclic loads shall consider reduction of elastic
properties as a result of matrix cracking. The design of composite components and
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development of device failure mode, effects and criticality analysis (FMECA) shall consider
failure modes that may not be apparent using only visual inspection.

Long-term material properties are affected by environmental exposure conditions. Long-term
data (especially temperature) shall be obtained for the environment and exposure conditions
the material is to be used in.

Material selection shall take into account the fact that permanent static loads may cause
creep (plastic deformation with time), stress rupture, static strength reduction, or stress
relaxation (accompanied by a reduction of the elastic modulus).

Maritime structures can experience accelerated wear when subjected tq the effe¢ts of

cavitation or erosion. Small-scale test procedures to quantify cavitatio to be
problgmatic. Therefore, evaluation of material cavitation and erosion p bly on
empir|cal performance data or full-scale testing.

8.3 |Environmental considerations

The environmental impact of long-term deployment shall ge cansi MEC
materjal systems. These include hydrolytic resistance iQ iation suscepfibility.
Empirical data or accelerated test methods shall be ye ¢

Structural materials above the lowest watefling ervice
tempdratures equal to the lowest daiy 1 is to
operafte. External structures below th Brvice
tempgratures lower than 0 °C (32 °F). ted if

adeqyate supporting data can be presented rature

In general, materials that hs ignYn a marine environment shall be se|ected

' aHs-ghall be used, a hazard risk assessment and
hat biomagnify up the aquatic food |chain
metals, such as cadmium, mercury, leaqd and

mitiggtion plan
shall [be avoidé

he poOssible detrimental environmental consequences ghould

the de ¢ phic failure at sea. This includes both material componentis that
sink gnd thos i g ocean’s surface.

8.4

8.4.1

Strucfural, materials are defined as the materials used to fabricate the device’'s primary
struct i i ipment

foundations and mechanical elements are also covered by this subclause.

8.4.2 Metals
8.4.2.1 General

The primary metal used for offshore structures is carbon steel, although stainless steel may
be used in oxygenated environments and aluminum for weight-critical applications. Other non-
ferrous metals may be suitable for device components.

8.4.2.2 Carbon steel

Selection of steel shall be based on design temperature (normally based on lowest daily mean
temperature), structural categories (floating units or bottom fixed units) and plate thickness.
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ISO 19902 specifies methodologies for classification of steel properties and requirements for
inspection and testing during fabrication.

The essential requirements for carbon (structural) steel are strength, toughness and
weldability. Strength shall be determined by tensile testing of specimens and the toughness
shall be determined by fracture toughness testing.

Fabrication and welding of steel members shall be carefully qualified through non-destructive
testing (NDT), mechanical tests and welder qualification procedures. Test specimens shall
reflect the production weld procedure, including weld orientation.

8.4.2. Stainless steel

Stainless steels generally exhibit outstanding corrosion resistance bt S ject to
corrogion under certain environmental conditions. Strength and corposion pe \ce pvaries
for di Ation yiyen to
the rig m.

NOTE
environ

enated

NOTE b metal
surfacs
8.4.2.
Only roper
proce bntact

by using plate with greater thap 3 %

corrogion. Stress corrosion cracking shall min
mangganese (except in high/heat applicatio
Specipl attention to o i aterials, weld procedures and post-weld] heat

Consifderation sh e\g i anodizing, an electrochemical process that provides
a durable corrosio i i

8.4.3

In a hjosti iroy s seawater, special attention shall be paid to ensure the{ long-
term gurability~o ncrete\structures. Concrete durability is dependent on using apprdpriate
mater| esign cowfsiderations. In particular, designs shall consider the likelihqod of

crack |propagation occyrring when members are in service.

The domposition and processing of concrete shall be in accordance with ISO 19903. The
desired—matertal uunlplceo;vc atlcllgth staft a=vvayo be epcu;ﬁcd. —additton—tenstte—stt ngth,
modulus of elasticity and fracture energy shall also be specified if the structure is subject to
these types of loads.

Floating concrete structures require the use of lightweight aggregate that results in a material
20 % less dense than normal concrete.

All embedded metal reinforcement shall be covered by a minimum of 50 mm of concrete.

8.4.4 Composites
8.4.41 General

Composite materials are sometines referred to as fibre-reinforced plastics, or FRP. These
heterogeneous materials contain fibrous reinforcement materials that are encapsulated in
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either a thermoset (reaction cured) or thermoplastic (solidified upon cooling) resin system.
The architecture and orientation of reinforcing materials shall be selected to resist anticipated
loading. Process parameters influence material mechanical properties and shall be
considered in conjunction with material selection.

Composite strength degrades with moisture absorption. The designer shall consider sealing
laminates to avoid moisture intake and appropriate design margin to account for this effect.

8.4.4.2 Laminates

Laminates shall be speC|f|ed by deS|gnat|ng each pIy by type and orientation in the stack, as
We“ be) IUOIII OyOLcIII GIIU IIUIC VUIUIIIC IIIUIIIIU}JIGDLI\J IUDIII DyDLUIIID Dlldll UC DCIU\JLC and
tested as required for thermoset resin systems, with a particular emphasig’plased on elgvated
tempgrature and creep performance. The mechanical material propergies need for design

shall be obtained using the ISO test standards shown in Table 8. Te eflect
the “as-built” composite component.
Table 8 — ISO test standards
A\
ISO $tandard Descriptio\ \ \ >
1ISO 5p7-1 Plastics — Determination of tensile properties/~ Part %{ien | principles
ISO 18003 Fibre-reinforced plastics — Determinationf({f katig&e}prc}\pe?ﬁe\s uMyclic loading condifions
ISO 14126 Fibre-reinforced plastic co ites — Dgtermination @mpre ive properties in the in-plane
direction
ISO 14125 Fibre-reinforced plastic com[}z&tes\\e\erm ation ural properties
ISO 19129 Fibre-reinforced plastic confposites — ermination of the in-plane shear stress/shear sfrain
response, including the in-plane he r modyl strength, by the +45° tension test mgthod
ISO 19130 Fibre-reinfofced™pla |c cO |tes termipation of apparent interlaminar shear strength
by short- b me

1ISO 16024 Fibre-rein astic\composites = rmlnatlon of mode | interlaminar fracture
tO)Ath nynidirectionally xeinforced materials
fp pe& relevant in the design:

The fq

o static propé

e pr rmanent static loads or deformations; and

e pr i clic Joads or deformations.

Due ¢ i all be given to take into account the effect of environment on properties.
The dqombination ofYwater and high temperature may be more critical than the indiyidual

effectp af-temperature and water.

8.4.4.3 Sandwich structures

A sandwich structure is made up of a lightweight core embedded between two faces (or
skins). Faces are typically made of two FRP laminates. Sandwich laminates are very efficient
for resisting out-of-plane loads, such as hydrostatic and hydrodynamic forces. However,
sandwich laminates have more failure modes than solid laminates and these failures may be
more difficult to detect with visual inspection. Good skin-to-core bonds and maintenance of
watertight integrity shall be verified with manufacturing quality assurance documentation.

8.44.4 Mechanical and physical properties
a) Static properties

The static properties after exposure to long term loads and environment may be more
representative of the design strength than the static properties of a new material. Static
properties are generally assumed to be identical to quasi-static properties, measured at a
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testing strain rate of about 1 % per minute. If loading rates in the component differ from
this rate, tests shall be made at the relevant rates or corrections of the data shall be

co

nsidered.

b) Properties under long term static and cyclic and high rate loads

Creep behaviour of the composite sandwich structure, stress rupture under permanent
static loads, static strength reduction due to permanent static loads, stress relaxation,
change of modulus of elasticity under cyclic loads, cycles to failure under fatigue loads,
static strength reduction due to cyclic loading, and effect of high loading rates due to

sh

ock loads/impact shall be documented if relevant to the application.

c) Other properties including thermal expansion coefficient, swelling coefficient for water or

othes qunirlo diffusion coefficient thermal r-r\nrlnr-l-iuify friction coefficient \Wwear rasi
Fe—HgHGS—GHH USSR HeteR—HeHRa ReUeHHR-—HAGHOB R HeteRAH—Weat .

an
d) In
Dy

lagninates and core materials. The fibre/matrix interface can ha

on
fib
TH

d the associated effects shall be considered as applicable.

luence of the environment on properties

e consideration shall be given to take into account the
the environmental resistance. The interface propertie
re, the sizing, the matrix, and the processing conditio
e effects of the following shall be considered:
temperature;
water;
chemicals; and
UV radiation.

tance

nt on

lence

pe of

e) Influence of process parameters
Changes to the process parameters may
influence some or all Ma all be
dgne if the production proce
8.5 [Compatibility
When| different s@ ipolate
materjals that may ¢feate™e p same
alloy)| Particular gare’s en small components can act as anodes in conjupction
with surrounding 'ss' aterials/ Careful attention shall also be paid to matching material
strain|characteri S \ al expansion coefficients.
9 Desiy Qrima ructures for wave and tidal/current energy convertefs
9.1 |General
Clausp 9. provides principles, technical requirements and guidance for design of primary MEC
structures for MECS and shall be used in conjunction with the normative references in Clause
2.

The structural behaviour of MEC components shall be investigated for construction, handling,
transportation, and erection as well as during the service life of the structure.

9.2
9.2.1

Design of steel structures

General

The ultimate strength capacity of structural elements in yielding and buckling shall be
assessed using a rational and justifiable approach. The structural capacity of all structural
components shall be checked considering both excessive yielding and buckling.
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9.2.2 Load and resistance factor design (LRFD)

The LRFD method explicitly incorporates the effects of random variability of both strength and
loads. The target safety level is based on loads acting on the structure and resistance of the
structure or resistance of the materials in the structure.

The LRFD method is based on the concept that the design load (F4) does not exceed the
design resistance (Ry):

The dlesign resistance R, is determined as follows:

Ry= @Ry (11)

wherg:
Ry [is the characteristic resistance;

P is the resistance factor.

The r¢sistance factor relates to the material factor y

(12)

wherqg:

ym  [is the material factoy

The naterial factor y), res is 1,10. Table 9 gives material factors

for buckling of shell stquc

e of structate_ 1505 0,5<.<1,0 2210

Girder| beams stfffeneks ohshalls 1,10 1,10 1,10

Shells|of sNe\urvaMcy\\ndrMells, conical shells) | 1,10 0,80 + 0,601  |1,40

reduced slenderness parameter

O

fy = specified minimum yield stress

Je= elastic buckling stress for the buckling mode under
consideration

NOTE The slenderness is based on the buckling mode under consideration.

A partial resistance factor is applied to the strength of each member, joint, and foundation
component to determine its design resistance. Each component shall be proportioned to resist
the internal forces, R.

9.2.3 Ultimate limit state

Structural capacity checks of structural components shall consider both excessive yielding
and buckling. The structural analysis may be carried out as linear elastic, simplified rigid-
plastic, or elastic-plastic analyses. Either first order or second order analyses may be applied.
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a)

b)

Ductility

It is a fundamental requirement that all failure modes are sufficiently ductile such that the
structural behaviour will be in accordance with the anticipated model used for
determination of the responses. Brittle failure modes shall, therefore, be avoided or shall
be verified to have excess resistance compared to ductile modes.

Shell structures

The buckling stability of cylindrical and un-stiffened conical shell structures and the
interaction between shell buckling and column buckling shall be designed in accordance
with ISO 19902.

c) Tubular members, tubular joints and conical transitions
Checking of tubular members and interaction between local shell b ing andzeplumn
buckling, and effect of external pressure shall be based on ¢ provided in
ISP 19902. Cross-sections of tubular members are characterized ability to
develop plastic hinges and resist local buckling. Guidance is availaple i 199Q212007,
Clauses 13, 14, A.13 and A.14.
9.24 Fatigue limit state
Fatigye assessment shall be based on stress/cycle (S- ) i by fatigue tpsting
of the| relevant welded detail, and the linear damage ypot es |\ echanics nay be
used for fatigue analyses as supplement to S-N data. hanigs may be used|in the
assespment of acceptable defects, evaluation ¢ ange"Criteria“for fabrication apd for
planning in-service inspection. Data for be used for calculafion of
crack| growth based on fracture m i ent shall be conductgd for

welded joints and other forms of stress

Desig C e design fatigue life to increade the
probapi . s are ‘dependent on the significance pf the
struct 3 e 3 integfity, availability for inspection and fepair,
and fgi e

9.2.5

The s nsidered to ensure design compliance. Attention shall
be pai ents and distortions that may affect the opergtional
perfor s or may result in damage to coating and painting,

9.3

9.3.1

all

The cﬂasign of*con

ete structures shall be performed in accordance with ISO 19903, coyering
asjpects’/relevant to MEC primary structure. The safety methodology shall include the

exposgure“levels, life safety category of structure, and consequence of failure. An exgosure
level consistent with an unmanned structure may be considered, assuming the consequence
of failure to be medium for the concrete structure based on FMEA results. The requirements

for

the design of structures with such exposure levels are similar to the design of unmanned

offshore concrete structure based on environmental and functional loads, including accidental
loads and consideration of the high consequence of failure.

The design of concrete support structures shall be performed according to limit state design
and the design shall provide adequate strength in all design conditions.

9.3.2 Limit states

The partial factors for material shall be such that a safety level consistent with that presented

inl

S0 19900 and ISO 19903 is obtained.
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9.3.3 Bending moment and axial force

The ULS capacity for bending moment and axial force shall be determined by applying plastic
design analysis techniques. The average calculated compressive strain over the cross-section
shall not exceed established limits.

The definition of variables, calculation methodologies and formulae regarding bending
moment and axial force capacity under various reinforcement scenarios shall follow the
guidance provided in ISO 19903.

9.3.4 Slender structural members

As pgr ISO 19903, non-linear behaviour shall be considered in structy ishyWwhere
slend¢r members are in compression and deflections can cause sigRij acti ffects
(impeffection bending or buckling).

The ¢ompressive force in slender compression members s
unintgnded eccentricity calculated in accordance with specifi
inclination for the individual members.

e an
e and

Latera Sional

displa

9.3.5 Transverse shear

The d r and
in-pla 5, the
interagtion of in-plane forces shall be i cIu

9.3.6 Torsional mome

The chpacity to regist {orsighs hilure.
If the(load tran ' imat i y, the
design can norm

Torsiq pation
with nding
momg B sum

of requi

9.3.7

Desigh for-resistanté against bond and anchorage failure shall be done in accordancg with
ISO 1P903;"including rules for required lap length, bundled reinforcement bar and weldef wire

fabric dn\/nlnpmnnf Inngfh, and prn-e’rrneend reinforcement

Post tensioning anchorages shall be designed for the ultimate strength of the tendon.
Reinforcement is to be provided, where required, to prevent bursting or splitting.

9.3.8 Fatigue limit state

The design for fatigue for all possible failure modes shall include concrete in
compression/compression or compression/tension, transverse shear considering both shear
tension and shear compression, reinforcement considering both main bars and stirrups
including bond failure, and pre-stressing reinforcement.

Fatigue design may alternatively be undertaken utilizing methods based on fatigue tests and
cumulative damage analysis, methods based on fracture mechanics, or a combination of
these.
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For structures subject to multiple stress cycles, it shall be demonstrated that the structure will
endure the expected stresses during the required design life. Calculation of design life at
varying stress amplitudes can be based with cumulative linear damage theory.

9.3.9 Serviceability limit state

The serviceability limit state shall consider properties of the materials under short- and long-
term actions and the effect of shrinkage, temperature and imposed displacements.

9.3.10 Stresses in pre-stressed reinforcement

The s 6 8 8y y ion of
actions, where f, is the specified minimum vyield stress. During pre- i however,
stresdes up to 0 éf may be permitted provided it is documented that k ot haim the

steel,|and if the prestressmg force is measured directly.

9.3.11 Stresses in concrete

When outer
comp n the
servig 5 with
heigh

9.3.12

Positi pts for
pre-stressed reinforcement, concreting,mini hents,

bendipg of bars, and minimum area of

9.3.13 Corrosion contral

ofrosion protection of steel, concret¢ and
embedded metal reinforcement shall be cqvered

Annex C presents d
composite structures. A
by a minimum o

9.4

9.4.1

Guiddlings i i onical
conng i i

9.4.2

ISO 1P90@3 shall be followed in designing a grouted connection with or without shear|keys.
ShearkeysTtamreduce the fatigue strengthrof thetubutarmembersandof thegroutdueto the
stress concentrations around the shear keys. Guidance is given to determine the design axial
force, interface transfer stress, static capacity of grouted connections, and evaluate the effect
of combined loading, interface transfer strength and fatigue assessment. The design rules for
grouted connections in ISO 19903 shall be followed for axial loading combined with torque
and for bending moment combined with shear loading.

9.5 Design of composite structures
9.5.1 General

Subclause 9.5 provides specifications for design, materials, fabrication and installation of
load-carrying Fibre Reinforced Plastic (FRP) laminates, including sandwich structures and
components.
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9.5.2 Design principles
9.5.2.1 General

Composite structure shall be designed using the limit state design method.

The basic approach of the limit state design method consists of recognizing the different
failure modes related to each functional requirement and associating to each mode of failure a
specific limit state beyond which the structure no longer satisfies the functional requirement.
Different limit states shall be considered, each limit state being related to the kind of failure

mode and its anticipated consequences.

Desigl‘. failure modes shall consider all possible failure mechanisms at the
and gtructure level. Design equations shall be formulated using the LRFD
partia] safety factors (load factors and resistance factors) are app

(characteristic load values) and to the resistance variables (chara i
in the|design computations.

Strucfures or structural components shall be designed
requirements, depending on the safety level to which th
belongs. Safety levels are based on the consequenc
State [(ULS). As an alternative to design according/to
Analypgis (SRA) may be used providing that an eguyi aIe
reliabllity shall be based on the limit stg :

9.5.2.R Limit states

Ultimate limit state (ULS) and servicea
composite structure.

9.5.2.8 Design by

and indirect loa

envirgnment shal
materjal strength
assocjated mater

9.5.2.4 inati afl effects and environment

The ¢ombination and\seyverity of load effects and or environmental conditions sh
determined taki g intQ account the probability of their simultaneous occurrence. Perm
nent environmental conditions shall be taken into consideration

load ¢ffects—and perm
combinations of load effects and environmental conditions.

aterial, lar

The design by g@ g sed>on ISO 2394. Load factors shall include
| be .

perature or moisture that may cause degrada
hall take into account manufacturing variabilit

ninate
where
ffects
hlues)

safety
icture
Limit

iability

target

esign

direct
. The
ion of
y and

all be
anent
in all

The following load effect and environmental conditions shall be considered:

e load effects and environmental conditions for ultimate limit state;

e load effects and environmental conditions for time-dependent material properties; and

o load effects and environmental conditions for fatigue analysis.

9.5.2.5 Load effect and environmental conditions for ultimate limit state

The combination of characteristic load effects and environment shall be determined such that
the combined characteristic effect has a recurrence period of 50 years. When several

stochastic load effect and or environmental conditions occur simultaneously,

unfavorable combination shall govern the ultimate limit state.

the most
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9.5.2.6 Load effect and environmental conditions for time-dependent material
properties

The sustained load effect values or the fatigue load effect values (if relevant) and the
sustained environmental values shall be used for the time-dependent material properties.

9.5.2.7 Load effect and environmental conditions for fatigue analysis

All load effect fluctuations imposed during the entire design life shall be taken into account
when determining the long-term distribution of stress or strain ranges. The fatigue load effects
shall be combined with the sustained environmental values for the fatigue analysis.

9.5.2.B Direct combination of loads

The gombination of load effects and environmental conditions shall & ) hnsfer
functipns and structural analysis are linear, loads or moments can h€ corbin

9.5.2.p Safety, model and system factors

The gafety provisions based on consequences of fallure ge. classes (frequenmcy of
servide interruptions or restrictions caused by service h 3 ‘ shall
be bgsed on the safety methodology for the devicé and types . on of
partia] safety (model and system) factors shall be b ‘ S

Partial load effect factors, yg shall Qe { : isti local
respopse of the structure. The uncertaj ith the
uncerfainties on the loads applied to the

Partial resistance factors, M), inki [ [ iability pf the
strength. The combined Iba ¢ 3 P fa tor yem May be taken as the product of
ye and yy. The safety factory

o target reliabi@ S

e chfaracteristic c

o tyfe of distrib

The gartial lo L an i = i hjainst
differgnt target reltabijli . arget reliabilities shall correspond to annual probabilifies of

failurg.

o the limit state (ULS or SLS);

e the safety level: and

o the failure type (brittle, plastic or ductile).

The target safety levels shall be selected as per Clause 5. A simplified set of partial safety
factors may be used whenever a satisfactory probabilistic representation of the load effects is
not available.

Load model factors, ygy shall account for uncertainties and inaccuracies in the transfer
function, the analysis methods and dynamic effects.

Resistance model factors, yg4 shall account for differences between true and predicted
resistance values given by the failure criterion. A summary of typical model factors is given in
Table 10.
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Table 10 — Summary of model factors

Failure criteria Model factors yrqg
Fibre failure 1,0
Matrix cracking 1,0 to 1,15
Delamination 1,0t0 2,0
Yielding 1,0

Ultimate failure of orthotropic homogeneous materials 1,25

Displacements 1,0
olress rupture U,T1toT1,0
Fatigue 0,1t01,0 (
N
A system effect factor, yg is given for the entire system. Depending nents
are cqnnected to form a system, the target probability of failure M Aivi 5 may

need fo be lower than the target probability of failure of the & Xl effect
is noff relevant, yg = 1,0. A value of yg = 1,10 can be { ertain
cases|, a system may consist of parallel components tha rovide
redungdancy, even if one component fails. In this inst4 I may
be used if it is based on a rigorous structural reliabillty

9.5.3 Joints and interfaces

Strucfural requirements for composite
the same level of reliability as the ¢
interfa
struct

crfaces are based on achjeving
components are part of a jgint or
bosite

Joints
three

o L
th}
ei

e Ad
m !

N e

Materjal selection and\fabrication environment critically affect the durability of structural Joints.

The efffects“of timexthermal stresses, fatigue and long-term creep shall be considered [for all
joints [and‘interfaces.

owing

nates
n use

other

10 Electrical, mechanical, instrumentation and control systems

10.1 Overview

The electrical, mechanical, instrumentation and control systems of a MEC include all
equipment installed in each device up to and including the MEC point of common connection
with the grid. The designer shall consider failures in the electrical, mechanical,
instrumentation and control systems that can have critical impacts on the integrity of the MEC
primary structure.

10.2 General requirements

Faults, as well as normal operation, can influence loading on the primary structure and give
resonant response of both structural and mechanical elements (both passively and actively).


https://iecnorm.com/api/?name=8be109ec39f803dfb6ff94a708bf2fe8

IEC TS 62600-2:2016 © IEC 2016 - 53 -

Therefore, the designer shall carry out a FMECA for the electrical, mechanical,
instrumentation and control systems to ensure that none of the failure modes can critically
increase the resonant response of the structural, mechanical or electrical elements (see 5.9).

The impact of the electrical, mechanical, instrumentation and control systems upon the
loading of the primary structure when positioning the control system elements shall be
addressed.

The electrical, mechanical, instrumentation and control systems of a MEC and every
component such as converters, controllers, generators, transformers and cables shall comply
with applicable regional regulations. The design of the electrical system shall take into
account—the ftuctuating mature of power generation from MECs andeffectsof the_marine
envirgnment, such as humidity, corrosion, bio-fouling, motion and inclinatidn.

The lightning protection of a surface piercing or floating MEC shall Hance
with IEC 62305-3. All MEC protection system circuits that could\ possi ed by
lightnjng and other transient overvoltage conditions shal grdipg to
IEC 6[1643-11.

Any p i i , 8 all”automaticqlly be
discomnected from the grid and remain safely discopinected\ ver at
the ME

Isolat anent
magne iing on
the de m the
gener at the
desig bquire
caref t has
opera in the
isolat

10.3

The esign
specif ; gnical,
instru i ol systems in terms of functional capability at locations (on-board,
electr

Within ssary
preca ken to prevent the MEC transitioning into an abnormal condifjon or

state flue to_conditions such as, but not limited to:

o loss‘ef.the control system;

e electrical and/or mechanical component failure;
e loss of communication with the device;
e loss of load; and

e over-speed.

If an abnormal condition or state occurs, the MEC electrical, mechanical and control system
shall transition to an offline safe condition or state.

The primary structure shall be designed for loads arising from such abnormal conditions.
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11 Mooring and foundation considerations

11.1 Overview
11.1.1 General

Clause 11 includes additional requirements for the consideration of station keeping of major
structural elements of MECs, including the design of the geotechnical interface.

The design of moorings and foundations for MECs has unique challenges over conventional
offshore structures and these shall be considered to ensure the appropriate design and
Heatnteort OT—SHEH—S v £'S —oarte < i 8 echmieat—cha enges
hed moprinlg and

epend on the type of MEC being considered. In many cases, estap
foundption methods for conventional marine structures are not appropriate

11.1.2 Unique challenges for wave energy converters
a) Whpve-induced response

hduce
| ctural
Io)iding and motion response shall be resisted by tati \d maorings systgms in

extreme wave conditions.

b) Shallow deployment sites exposed to ocean w
Fdr economic power export, WEQC e i sually
meaning structures are deployed in c i such,
thé¢ applicability of deep-water assu i d“>\0,5)does not often apply for extreme
waves. Such waves can have amplified [ linear

Dgsigning mooring s ed by

shlallow water extrg ple in

relatively shallow-wats

In|shallow w d with

the consequ

- ensity
large

- babed

11.1.3 Unique challenges for tidal energy converters

Wher¢ “TECs are deployed in tidal streams exposed to ocean waves, similar issues to|those
described above for wave energy converters apply, especially for floating installations. The
issues of lack of seabed sediment due to strong currents exist, as sediments can be mobilized
and transported away from the site and rocky seabeds and large boulders are common
geotechnical issues. Wave-induced loading on foundation structures also apply and wave
loading on any turbine ducting shall also be considered.

11.2 Tethered floating structures

Tethered floating structures are supported by their own buoyancy forces and are tethered to
the seabed for the purpose of station-keeping such that there is a degree of compliance to
dynamic environmental loading on the structure. Tethered station-keeping systems will
comprise of one or more tethers to connect the floating structure to an anchor in a fixed earth
reference.
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Tethers will generally be made of steel chain, steel wire, synthetic fibre rope, or elastomeric
cable elements. The tether may also include buoyant elements and/or clump weights.

Anchors will comprise drag anchors, anchor piles (driven, jetted, suction, drilled or grouted),
and other anchor types, such as gravity anchors, suction anchors and plate anchors.

When orientation is important for safety or operational considerations, the station-keeping
system shall be designed to maintain adequate position reference and directional control.
Passive station-keeping systems include catenary mooring, taut-line mooring, spring buoy and
tension leg systems. Active systems include dynamic positioning using thrusters or motorized
winches to change mooring line tensions.

The Ldequacy of the station-keeping systems for moored floating fures sheLII be

demopstrated by adhering to the requirements of IEC TS 62600-10.

11.3 |Fixed structures

The 4gtructural analysis of the foundation of a fixed offshore 3 Ny° ed in
accorflance with the ISO offshore structural design standa cited ) i other

recoghized offshore design standards. If offshore ) h the
ISO sfandards are used, it shall be demonstrated t ctural
reliab|lity with respect to ultimate strength and fatigue is(ob

The design load cases (see Clauseg 4 (see
Clausge 9) shall be used as the basis Dte in
particplar that the conversion of waves ninery
can result in significant dynamic lo es as

prescfibed in Clause 7.

nply with SO 19900. Geotechnical and
apphcable to a broad range of offshore strugtures
iled foundations that have a traditional assogiation

The foundation desig
foundption specific requi

are based on 1SOA49901-4" Th

with fixed steel @l [ ' Q19902. Particular requirements for the design of
shallow gravity fo i a traditional association with fixed concrete strugtures
are detailed in IS Were-app Opriate, the pr|nC|pIes for concrete gravity basgs can
also pe applle which may be desirable to reduce

envirgnmenta

The foupdatiQ esigned to carry static and dynamic (repetitive as well as trarfsient)
actions withou essive geformation or vibrations in the structure. Special attention sHall be
given|to the effects of repetitive and transient actions on the structural response, as well as
on the strength’ o supporting soils. The possibility of movement of the sea floor apainst
foundption jmembers shall be investigated. The loads caused by such movements, if
anticipated, shall be considered in the design.

Loads acting on the foundation during transport and installation shall be taken into account.
For piled structures, an analysis shall be undertaken to calculate the fatigue damage
sustained by the pile as it is driven into the seabed. The fatigue analysis shall consider the
loads associated with pile driving impact, taking account of the structural dynamics of the pile
and stress increases due to the details of the pile design and the pile driving process.

11.4 Compound MEC structures

Compound MEC structures combine the function of station-keeping with other MEC functions,
such as:

e the provision of a reaction to PTO forces that permits energy conversion from wave
induced or current induced loads;
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o where controllable power conversion machinery (e.g. hydraulic cylinders, linear
generators, hose-pump elements) transfers the environmental loads from the primary
wave-activated structure to the anchor reference point, forming an essential part of
station-keeping for a large portion of the MEC structure; and

e afttitude control — a controllable actuator delivers loads between the foundation and the
MEC to affect optimal orientation of the structure to enhance energy conversion.

/\

rTeth.er SyStemfsubJeCt ml Loads applied to foundation />

|

|

X floating structures > T0bC
| & considered in FLS, ULS and
|

|

ALS cases including PTO or
other control system loadings.

|
Loads applied to foundation at |
tether connections to be |
considered in FLS, ULS and |
ALS dases including PTOor |
|

|

|

|

other fontrol loadings. Piled foundation subject

q requirdments for fixed

! Gravity base subject to

| requirements for fixed
— L = structures

___________ | IEC IEC
a) WEC using tether to transmit wave loads from b) A th a

wave-activated buoy to a reaction given by a gravity piled fqungation ) lap

bas¢ foundation. The tether could also connect to a inematies } O reaction for a hydfaulic

controllable PTO, included either within
foundation or buoy.

ing system subject to requirements

Loads applied to foundation at for tethered floating structures

yaw articulation to be

considered in FLS, ULS and
ALS cases including effects of
PTO or other contrphpadings.

Jacket foundation structure
subject to requirements, for r
fixed structures !

! or other control |
I loadings should be |
| considered in FLS, \

1
1
1
1
Loads affects of PTO 1
1
1
| ULS and ALS cases. \ \

d) Free-floating, compliantly moored vertical axiq tidal
energy conversion turbine.

iti

on mooring systems

The resulting compound station keeping systems (see Figure 2) can depend on a combination
of tether, fixed and articulated structural elements as well as controllable power conversion
elements. In such cases, the issue of station keeping is less clearly divisible from the general
structural integrity of the MEC and the provisions in 11.2 to 11.4. The considerations for fixed
foundations and the station keeping of compliantly moored floating structures shall all apply,
as follows:

a) Compound structures with tethers

Where tether elements are included in the MEC such that their failure would result in a
loss of station keeping for all or a portion of the MEC structure, the requirements for
tethered floating structures (see 11.2) shall be applied for the purpose of designing all
tethers and associated attachments. The requirements of tethered floating structures shall
also be used to determine the required design safety factor at interfaces to other parts of
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b)

12 Inspection requirements

12.1 |General

The manner in which a marine energy cohverts

significant impact on the integrity of (the prima
design life. In order for any maintenange a*p tie

the structure (either the fixed part of the structure or free floating part of the structure) and
the corresponding interface loads shall be included for the assessment of load
combinations under Clause 7. Consideration shall be given to ALS load cases, including
provision for redundancy due to failed tether elements. Where the MEC includes active
control systems (such as power conversion hydraulics, linear generators, etc.) such that
the load in the tether and its attachments are influenced significantly, then the control
response shall be considered in any tether or fixed foundation load assessment allowing
for all applicable operating scenarios, control settings and possible control ALS failure
conditions (see Clause 7).

Compound structures with articulations

Where articulations are included in the MEC such that their failure would result in a loss of
station keeping for a proportion of the MEC structure, the design-load case$ and
asjsociated load and resistance factors specified in Clauses 7 and(9 shall bé\uged to

ensure the integrity of articulated joints and associated attach > i ailure
conditions of joints and articulations shall be considered in loag/'cases to determing ALS
foundation load cases. Where the articulation elements inclu activecsontrol sygtems

sulch that loads applied to the foundation are influenced ificanthyyswther thé gontrol
response shall be considered in the foundation load and reistana essments allowing
for all applicable operating scenarios, control settings i ALS\ failtre conditions
(s¢e Clause 7).

erated and maintained will Have a
clure and functionality throughagut its
to be effective, it shall be considered

in a hiolistic manner throyghout the design, sonstruction, commissioning and operation fof the

MEC.

The rg¢quiremen

maintenance strategy will vary according [to the

type pf MEC nt in which it is working. Given the |harsh
envirg i whi &s experience, access for inspection and maintepance
and in i chieve in a safe manner, hence it will be necesdgary in
many to shore or harbour prior to undertaking any inspgction
and n

Maint e Yaspection activities can expose workers to a number of potential hakgards.
The p i C ajntenance or inspection activities shall identify all potential hgzards
and id i reducing or eliminating exposure to these hazards. The maintehance

strate
may dpply te*ensure the proposed activities comply.

all local and national health, safety and environmental requirements that

12.2 Consideration during the design stage

The planned inspection and maintenance strategy shall be considered during the design
stages to ensure that it is practical, economic and safe. The safety of personnel engaged in
inspection and maintenance is paramount and should be considered through the undertaking
of appropriate risk assessments to eliminate, or limit, the need to expose personnel to
dangerous working environments. However, human safety is outside the scope of this
document and designers should refer directly to local and national regulations.

The opportunity to use monitoring of structural integrity and other systems to provide a safe
and continuous assessment of MEC structural integrity and functionality shall be evaluated at
the design stage and, where feasible, adopted.
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Inspection and maintenance planning

The designer shall give due consideration to the individual subsystems and components that
may have a much reduced design life compared to the MEC system. Such a strategy shall
consider three main categories as a minimum:

e time-based maintenance (where maintenance intervals are prescribed for the MEC

Sy

stem, subsystems, equipment and components);

e condition-based maintenance: this involves monitoring the condition of the MEC system,
subsystems, equipment and components and maintenance is scheduled when certain

co

o rigk/reliability based maintenance (where maintenance intervals are de

nditions are met; and

ermined basled on

the
The 1 hance
activiffi T. The
inspe¢ i ';ating
meas ective
and t hic or
politic gatisfy
appro
The ¢ i i i\ 3 aintenapce Strategy within a| MEC
specific Operation and Maintenance ) A that> shall be issued tp the
owner/operator In detalllng the strat al’requirements, the O and M
manu
e an re special training;
° sTe operating limits and : i onsider local site conditions;
e maintenance inspegtion periods

e fo

L] pr

e start-up and sh

12.4
All ins

parts subject to
)cedures@ -

narine

pection and maintenance activities shall be documented to reflect the requirem

nts of

verhing strateqy specified in the O and M manual and shall include the reporting |of the

the g
follow

ing information, as applicable:

e MEC identification;

e SuU

bsystem, equipment or component identification;

e operating hours to date, including operational modes that factor into fatigue analysis, such

as
e sh
e da
e da
e na

e de

energy produced;

ut-down hours to date;

te and time of fault reported,;

te and time of service or repair;

ture of failure, fault or service (random or systematic);

tails of tests and inspections;
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e recording of remedial action taken (part replacement, repair, identified for further
monitoring);

e review of outstanding issues from previous activities; and

e details of personnel and equipment used.

Data shall be reported in an objective manner and shall justify its conclusions and include
photographic documentation as considered appropriate. Relevant data from the design,
construction and commissioning stages shall be available and understood to act as a baseline
for in-service inspection and maintenance activities.

Feedhack from in-service inclnnr‘finn and maintenance activities can Im’n\/irin valuable

information to inform the following:

e pagssible revision/amendment to the governing strategy and hence al;

e ddvelop a greater understanding of component reliability and th€ i ctures
or|structural elements in the real sea environment and whether\the g cpmply
with the governing basis of design;

e highlight any findings or deviations reported during pr hance
a{ivities that have been remedied or not dealt with; 2

e id

Data [shall be obtained during the in-service life\in i le an

indus‘ry wide involvement of manufa 5 cation

organjzations and regulatory agencies.

12.5

The findings from the inspe A d out during the in-service life are|to be

compared with the expected \hehayio ructure and equipment identified during the

design and commi' sio

Inspegtion and mai ancs osus on detecting signs of degradation (corrosion, |wear,

cracks, tolerance shall be limited to the range expected in the dpsign.

Findirlgs deviating from ¥d range require investigation. This could be, bit not

limite fewing ethodology and reviewing the actual conditions of operption.

At th tage~of technology development, the level of uncertainties on the design

methqdoloy < conditions of operation are much larger than what is obseryed in

convegntional @rd wel-established technologies. Thus, an essential part of the technology
develppmentais assessment of the condition of the structure and equipment ¢uring

operation\ Monitoring combined with results from inspection provides a full understandjing of
the tephnology (failure modes and degradation).

For MECs, the use of risk assessment is an adequate way to identify the areas of uncertainty
and associated risk level for the technology to perform as required. As risk management is a
continuous process, monitoring and inspection should feed back into the risk management
and technology development to recalibrate the risks and effort required during the in-service
life.

When planning and recording the monitoring and inspection activities, data collection is a key
step in the identification of performance, failures, and reliability (see 12.4).

12.6 Maintenance execution

All inspection and maintenance activities shall be carried out in accordance with the O and M
manual and shall be performed by personnel suitably trained or instructed in this activity.
Access for inspection and maintenance of a MEC will be a key consideration. Because of the
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nature of MEC and the harsh environment, it might be necessary to recover the MEC to shore
prior to undertaking any maintenance work due to limited safe access for inspection and in-
site working. Where in-site maintenance is considered, consideration shall be given to
provision of refuge areas for personnel on the MEC. An appropriate risk assessment, or
similar, shall be undertaken to determine safe methods of undertaking the work.

An emergency procedures plan shall be defined as part of the O and M manual and the
required actions of the operating personnel prescribed. The plan shall require that where
there is a fire or apparent risk of structural damage to the MEC or its components, no one
should approach the MEC unless the risk is specifically evaluated.

13 Ljfe cycle considerations

13.1 [General

The designer shall consider the entire life cycle of the MEC and the ~ { quent
and inffrequent operations on the integrity of the primary struc i tation
and ipstallation phases for MECs are significantly differe \ 2 e and
decor’Emissioning phase. Each of these phases can impos g S imary structure that
can affect the engineering integrity of the collective gy ihg i ed to

provide an appropriate level of protection against da all hazards that may Ig¢ad to

failurg of the primary structure, injury to personnel fo the
envirgnment.
The designer shall consider the rigging\lifti ) 3 yent of components, assembligs and

modules during fabrication. Transportati onsider all logistics and |loads
associated with movements at the fabri oad transport, pier-side activify, lift
transfers and water transport. Due consig i f be given to weight, height, width,
length], in-water draft, a 2 mstallation planning shall consider all
assodjated operation reinstallation for maintenance| and
decommissioning. Ch an-tand to floating, floating to submerged and
submerged to b The designers of a MEC shall provige an
installation ma ibIn fabrication, transportation and installation
requirements for thé NN i power cables and anchoring system. The installafion of

MECS shall be perfq 5 ained or instructed in these activities.

The designe and provide operational procedures, to include mainterjance,
inspegtion, a issi g to the owners/operators. The designer shall consider fatigue
and |degraded X i condition during design and permitting for removal|l and
decommiss|

The sjte of a~maring ghergy facility shall be prepared, maintained, operated and manaded so
that workcan be performed in a safe and efficient manner in accordance with apprdpriate
regulgtions and permitted requirements. This shall include:

e marking of individual structures, or fields of structures;

e installation of power cables between individual MECs, transformer stations, and shore;
e monitoring of the facility by the operator;

e procedures to prevent unauthorized access, where appropriate; and

e contingency plans to address the possibility of individual MEC units breaking loose and
becoming floating or submerged hazards.

Detailed installation engineering and planning shall be carried out. Checklists of planned
activities shall be prepared and comprehensive records shall be maintained during
construction and commissioning to provide as-built data. Planning and independent reviews
shall consider:

e design, testing and certification of lift points;
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e movements on land;

e route considerations, including contingency mooring and anchoring locations;

e cross-section related current, wave and wind forces with respect to available tug

ca

pabilities and backup tugs;

e tug contact points; and

e centre of gravity, stability and risk of capsizing (static and dynamic stability requirements).

The transportation plan, including the towing plan, shall consider all aspects of MEC
movement, launch, placement and mooring, including:

e W¢§

e dgmage control contingencies and monitoring systems;

o |as
e m
o frg
e ro

e IO

e |alinch considerations:

When

ather windows for transportation and installation;

bhing and sea fastening for inertial loads;

pbdularity and assembly at sea;

e of harbour and coastal pilots;

transitions pet
Iimbering@
abnormal hyd

lifts at se&

appropriate, installation personnel shall use approved personal protective equip

ment,

such

hs\eye, feet, hearing, and head protection. Fire safety issues shall be considered

juring

all aspects of the MEC life cycle, especially during confined entry activities. All personnel
climbing or working above ground or water level shall be trained in such work and shall use
approved safety belts and safety climbing aids. Personnel working on or near the water shall
wear approved life jackets at all times. Consideration shall be given to the use of survival
suits in cold climates when risk of immersion is imminent.

All equipment shall be kept in good repair and be suitable for the task for which it is intended.
Cranes, hoists and lifting equipment, including all slings, hooks and other apparatus, shall be
periodically tested and approved for safe lifting.

Particular consideration shall be given to avoid installation of the MECs under unusual
conditions, such as: hail, lightning, high winds, earthquake, icing, high waves, and extreme
tidal conditions.
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Installation procedures shall be such that, if necessary, work can be broken off without
causing danger to personnel or unacceptable loads on the MEC. In the case of a MEC that
changes state from floating to submerged or bottomed, appropriate measures shall be taken
to control buoyancy and stability. The critical ballasting and stability control precaution
measures shall be included in the installation manual.

Prior to any construction activity at the site of a marine energy facility, any planned temporary
or permanent structure considered to be an obstacle to marine navigation and aviation shall
be promulgated with adequate advance notice and shall be indicated on relevant maps and
databases providing position, extent and elevation in accordance with the requirements of the
governing regulatory agency. Obstacle lighting and marking shall comply with local and

nation

13.2 |Planning
13.2.1 General

The &
plann
regula

13.2.3

Acces

al raaulations and cades
a8 gtHatHoRs—aha G 0

pr
do

pr

pr
an

pr

of|conduits;

prpcedures for insta

hdalth, safety and
and down-fl; 3

evfacuation proce

all be
tional

Ave to
scour

bolts,

bment

diving

d sea

ECs, the site shall be maintained in such a state that it do¢s not

navigation risks.

s\tosa site shall be planned to ensure safety, including the following considerationg:

barriers and routes of travel;

navigation areas to be avoided (ATBAs) or exclusion zones;

anticipated traffic;

access site weight bearing capacity;

movement of equipment

at the site;

ship-to-MEC access; and

control of MEC movement.

13.2.4 Environmental conditions

During installation, environmental limits specified by the manufacturer shall be observed.
Items such as the following shall be considered:
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e wind and current speed;
e snow and ice;

e ambient temperature;

e lightning;
e visibility;
e rain;

e wave height; and

e insufficient water depth.

13.3 |Documentation

The manufacturer of a MEC shall provide drawings, specificatiors
assembly procedures and installation of the equipment to
manufacturer shall provide details of all loads, weights, lifting poik
proceflures necessary for the safe handling and installation gf tF
shall provide a risk assessment of all hazardous activities.

13.4 |Receiving, handling and storage

Handling and transport of equipment during installati K drmed with equipment
confirmed to be suitable to the task i ith_ the handling equipment
manufacturer's recommended practice!

13.5 [Assembly of and installation o
13.5.1 General

A ME[L shall be assembled i ¢ Wacturer's instructions. Inspection shall be
carriefd out to confirm jprope ubna iQncand>pre-gervice conditioning of all components. The

adeqyacy of corrosion all be verified after final assembly.
A MEC shall be in; |

practices. Where spg
tools,[jigs and fix

ined and instructed in proper and safe offshorg work
anufacturer for safe installation or assembly, special
atus shall be used.

Apartifro g to do with marine installation, training shall include at|least:

o firgt aid

e prpceduresp ar to offshore (for example the use of life rafts, life jackets, pafety

al suits, offshore survival);

hdrnesses; spe
e evfaduation procedures, including for wounded or unconscious persons;

e use of boats, helicopters and offshore access systems (with special attention to safe
transfer procedures at night or with high sea states); and

o all equipment shall be suitable for the task for which it is intended. Lifting and special
purpose equipment, such as cranes, hoists and lifting equipment, including all slings,
hooks and other apparatus, shall be tested and approved for safe lifting.

No part of a MEC electrical system shall be energized during installation unless it is
necessary for the installation process. In this case, the energization of such equipment shall
be carried out in accordance with a written procedure provided by the MEC supplier.

All elements where motion (rotation or translation) may result in a potential hazard shall be
secured from unintentional movement throughout the installation process.
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13.5.2 Access

Access for inspection and maintenance of a MEC will frequently be a key consideration. The
harsh environmental conditions existing where these devices are generally located lead to
limited safe access for inspection and on-site working. Because of the nature of these
devices, it might be necessary to recover the device to shore or harbour prior to undertaking
any maintenance work. Where on-site maintenance is considered, consideration shall be
given to provision of refuge areas for personnel on the device.

Design shall take into consideration the need to remove components requiring maintenance,
while ensurmg that elements remalmng on the seabed requwe little or no mamtenance during

their n the

devic and

broke ice for

mainte

The iptended IeveI of mspectlon shaII be considered in Ilght of he cost a d sk 8 Ciated

with U e i prs to

reducg Ce the

need |

The slafety of personnel engaged in inspection and i . i pt the

desig :

The o i itori 3 egri nd-other systems to provide @ safe

and donti f Wwhere

appropriate. Feedback from these tec e and

inspeg¢tion activities.

13.6 |Fasteners and attac

Threaded fasteners and bthe devi i i MEC

manufacturer's ) i ritical

shall pe checke ments

shall eners

subje¢

In parti

o prpp$ other
ap

o prpper attachment of lifting devices required for safe installation.

13.7 |Ctranes, hoists and lifting equipment

Cranes, hoists and lifting equipment, including all hoisting slings, hooks and other apparatus
required for safe installation, shall be adequate for safe lifting and final placement of the
loads. Manufacturer's instructions and documentation with respect to installation and handling
shall provide information on expected loads and safe lifting points for components and/or
assemblies. All hoisting equipment, slings and hooks shall be periodically tested and certified
for rated safe load. Special attention shall be paid to ensure lifting equipment is not exercised
beyond its rated radius for a given load.

13.8 Decommissioning

The developer and designer shall consult with the appropriate regional authorities responsible
for the deployment site for guidance on the requirements in preparing and submitting a
decommissioning programme and environmental life cycle impact assessment.
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The decommissioning phase of the device, or an array of devices, can have a significant
impact on the project costs and environment life cycle impact assessments that are required
to satisfy statutory and policy constraints, and therefore the viability of a project.

In preparing the decommissioning programme, the developer shall consider the following
factors relating to the decommissioning phase and disposal:

e conditions of lease of the deployment site (e.g. full reinstatement required);

¢ licensing regulation requirements imposed by environmental licensing authorities;

o weather conditions necessary for decommissioning;

o tidaland sea staie conditions needed for decommissioning;

o length of time required for decommissioning;

e regovery methodology;

e splecialist vessels, plant, equipment and contractors needed for deco

e sefabed conditions;

e rigk assessment for decommissioning;

e environmental impact both during and after decom

e anticipated impacts on local benthic communities

e hgalth and safety impacts.

The designer shall consider the post-de [ MEC
and dqupporting infrastructure may be f sites,

The ppst-decommissioning phasé s and

e A MEC can be\fully are \ at other sites, although this is dependent ¢n the
condition an li nents
can be renewed ¢

. For example, the environmental impact assespment

might encqura ; 2’ scarified support structure or foundation to prpmote
colonization © isms long after the decommissioning of the device, asspming
this s 1 withregional guidelines. Alternatively, the support structyre or
folindation_san in place to accommodate a MEC in the future given the sustajnable

o THe electrica may need to be recovered or left in place, depending on repgional
guidelines. Recovery, or decommissioning in-place, is considered to be part of the qverall
dgcammissioning programme.

e The device shall be robusily designed for Its viable design life and for decommissioning,
and able to resist the expected loads and surrounding conditions in accordance with a
recognhized design methodology.

Given the conservative nature of the design process, it is quite possible that the useful
lifetime can be extended beyond the original design life, although this will be subject to a
rigorous assessment prior to the decommissioning phase of a project. As a minimum, it is
recommended that a thorough review of as-built details and design checks and the
implementation of an inspection and testing programme shall be adopted to evaluate the
condition of the device and components and to verify their suitability for the proposed
application or extended life. The possibility of further damage during removal and
transportation shall also be considered. Further guidance on the reuse of structures is
provided in ISO 19902.
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Annex A
(normative)

Load definition and load combinations

A1 Load combinations

A rigorous investigation of the proposed device and supporting structure shall be undertaken
to identify potential limit states where the device would no longer meet the reliability or
availability requirements discussed in Clause 5. As a minimum, adequate consideration shall
be gien to the following:

o overall device stability against translation or overturning forces;

o stability of any sub-components where relevant;

In selecting appropriate limit states, consideration/sha ft" or
ductil¢ failure by ensuring that, where possible, Aimit sta pacity
and Igss serious consequences are reached bg i rophic
failurg. For instance, a gravity base sRould\sli ‘ nt and
structhiral members should fail by yield . This
is particularly important where loading is—subj 8 ices.
Based on identified limit gts beded
shall pe identified to enable desi d are
described in 7.3.7.

For all cases, c@e ading
(incluging failur cases
introduced to invesd c hry to
consigler non-axj iti . )Flow eccentricity can arise due to fabrication and
install g | tidal
currents and’ from wave
directlonsSufficient g of all
of thepe ide

It is iphportant level of uncertainty surrounding the behaviour of the marine deVice at
an eafly stage of development is considered when defining the basic load cases. Becauge the
non-linearbehaviour and interaction of PTO and control may not allow all possible load [cases
to belidentified during tank testing or sea-trials, a risk assessment may be necessary to

identify all aspects of behaviour relevant to design. This is particularly the case with respect
to accidental load cases and aspects that may be site-specific or of infrequent occurrence.
Additional or increased uncertainty factors and a robust design approach shall be used to
accommodate the possibility of unexpected response characteristics.

Consideration shall also be given to corrosion, marine growth and the behaviour of the export
cables or connections. Additional load cases shall be introduced to enable these situations to
be properly understood. The effect of heat generated by mechanical components shall also be
considered, particularly where the mechanical properties of any materials used exhibit
temperature dependence within the range of expected operating conditions.

The design storm is that storm with a probability of exceedance chosen such that the safety
levels in Clause 5 are achieved. Where operational limitations are placed on the device, such
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as shutting down in severe storms, the limits shall be clearly documented and robust and fail-
safe systems identified that will enable these limits to be adhered to.

Where it is necessary to stop the device at any point, the loads induced in doing so, including
thermal loads, shall be considered in all load cases under which a stop condition may arise.

In devices where the electrical components are integrated as discrete subsystems
independent of the structure, the electrical machine manufacturer will generally undertake the
required electromagnetic analysis. However, where electromagnetic components are
integrated into the structure of the device, a detailed analysis of electromagnetic effects will
be required. This analysis shall fully account for the effects of tolerances and misalignments

of Commmfects
Electpomagnetic forces are highly sensitive to the size of the air of water gapLand a

sufficiently accurate linked multi-physics analysis shall be undertaken to"qddress this.

The d tainty
assodg ability
distrib bf any
analysi to be
sensifl . For
stochla) i a 5 %
proba nown
variat under
consmierahon shall be chosen

When their
effect ibution
functipn hction
betwe ion.

A.2 | Load calculati

For al|l load cas@ Lif iChe i ice to

establish that the pf n the
limits i

Analysi priate
selecj} under
consi all be

given > ed to
limit the analysis~cost.Mt may frequently be desirable to use a simplified analysis model %r the
bulk gf the analyticat’work if this approach has been validated against a more accurate but
more postly’model.

NOTE For example, a blade-element momentum (BEM) analysis of a tidal turbine might be validated against
experimental trials or a suitably rigorous series of Computational Fluid Dynamics (CFD) investigations.

The analytical approach shall be chosen such that as a minimum the following physical effects
are captured:

o tidal variation in mean current speed and direction and water depth;

e variation in current speeds and turbulence levels with depth (shear flow);

e wave induced currents and accelerations;

e wave heights and periods; and

o water particle velocities and accelerations.
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Consideration shall be given to the adequacy of the model in understanding the following
effects:

e the influence of three-dimensional flow;

e structural dynamics and potential for modal coupling;

e fluid — structure interaction, including hydro-elasticity;

e unsteady hydrodynamic effects; and

e the non-linear interactions between waves, currents and turbulence.

It should be recognized that general flow analysis techniques do not fully capture turbulent
separption etfects (particularly blade stall and stall dynamics).

The gpproximations inherent in many industry approaches to wave (& i action
shouldl be understood, with an appreciation that some of thesg s i afle not
appropriate in strong tidal flows.

Wherg¢ linear assumptions are used at any point, the resulting ntified
and appropriate limits placed on the range of applicability i

WherTéa fully dynamic model of the structure is beipig 3 S ¢ -li ilysis,
sufficient periods of time shall be analysed to en z istically
statiopary. It should be noted that th 5 wind
driver] events is not appropriate to Mgs € by tidal effects. Where|wave
loading is important, a period of not les 3 3 sed for each load case, {nless

a shofter period can be justified by anthderstanding\of the wave spectra at the installation
locatipn.

In defermining the lengtf 4 is\tin i for any given load case, considdration
should be given to th sl of inithali itions chosen and the length of starting flow
that should be discarded: i gcessary to neglect a portion of output fat the

start of the sim i iod. inationyof the length of time to be neglected shfall be
based on statisti tysi

Wher i indfroduced into the model to capture stochastic variables|(such
as turpulence) i \ alysis shall be undertaken to understand sensitivity fo the

Stresge 13 y parts of\the structure and mechanical assembly are likely to be multj-axial
in nature. [f ihe series output is used as a design input for structural or fatigue
calculgtions,. care should be taken to maintain both the magnitude and direction of |these
inputy. Alternativelyy/for survival load cases, the most critical load values occurring|in all
orthogonaltime series may be taken to act simultaneously.

Because most devices in a marine environment are governed by combinations of tidal current,
turbulence and waves (all of which display difference statistical characteristics) analysing all
combinations of all possible inputs to produce a full scatter diagram for fatigue analysis may
result in an excessive number of load cases. To avoid this, it is possible to separate the load
effects due to different statistical processes by making analytic (potentially linear)
assumptions about the load combinations over short ranges of input values. In selecting these
simplifying assumptions, the extent of error introduced shall be understood and appropriately
accounted for in the selected safety factor. Fatigue damage due to each process can be
recombined to produce a combined damage value based on accepted approximate methods.
Significant approximation is involved in this approach, but this may be preferable to
undertaking a conventional rain flow count based on insufficient modelled data.
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A.3 Floating and moored devices

Where a device is not fixed to the seabed, dynamics of the six rigid body degrees of freedom
shall be considered. Additional rigid body degrees of freedom due to mechanical linkages or
other design features shall also be considered. Design of structural and mechanical systems
shall take due account of the following additional effects:

e inertial forces, both rotational and translational, arising from acceleration of part or all of
the devices;

e abrupt forces arising from support non-linearities, for example a mooring line becoming
taut or engagement of mechanical stops;

o fofces arising from impact of the water/air interface on the device - wave sIaL) and
wgve slam; these forces can be substantial and are in addition to q wdrodyhamic
fofces;

o loads arising from water overtopping the device (‘green water');

e trgnsient loads and pressures in the hydraulic system, wh¢ 3 aking, account of
th¢ appropriate fluid properties;

o effects arising from the operation of the control system,;

o effects of biofouling (weight and drag) on structur,

Due tp the non-linear nature of the system responsg, fre domain analysis techijiques
relying on linear recombination are unlik & 3 the device. A time dpmain
analysis will generally be necessary\to obtain a fuII nderstndlng of the behaviodur and
perfojmance of the energy converter. i ahalysis shall in principal be

sufficiently detailed and robust to adequately ca e following effects:

e coupling of hydrodyna
e ngn-linear behavioyr ot™Nnoo g echanical systems; and

e motion of fluid withjn

In pthice, it m@ i e all physical effects to a sufficient level of|detail

within| a single andly Whebre this is the case, additional experimental or nunjerical
investli derts
behaViour. IEC TS 6 sed for the design of MEC mooring systems.

A4 | F

Tidal [turbine equently designed making use of Blade Element Momentum (BEM)
models. These’ rely gn an assumption of two-dimensional flow around discretized |blade
elemgnts.( The overall wake effects are accounted for in a coupled one-dimengional
momgnfum model. Various empirical corrections are required to account for tip angd hub
losses;stattbetraviour—and—wake dymamics—Astheaspect Tatioof the—btadesdectreases,
three-dimensional flow becomes more important and the BEM approach becomes subject to
error. The dynamic effects of wave and turbulence on the wake are only captured in an
incomplete way and calibration against experimental results is required. Lifting line and vortex
panel blade modeling techniques that overcome some of the limitations with respect to wake
effects are under development but are not yet being widely used.

Because the BEM method has a relatively low computational cost, it is frequently combined
with a structural and mechanical model to understand the dynamic behaviour of a turbine
system. Key cases shall be validated against results obtained by other means, particularly
where stall behaviour or wake dynamics are considered important.

Wave energy converter behaviour is complex and difficult to model analytically in an accurate
manner using presently available analysis techniques. A staged approach to the
understanding of the converter behaviour and calibration of numerical analysis shall be
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adopted, moving progressively from tank tests to sea trials. At each stage, validation of the
numerical analysis against experimental work shall be undertaken to confirm that the model
represents an accurate reflection of the true device behaviour.

The behaviour of wave and tidal devices in an array may differ significantly from that of an
individual device and a methodology shall be established to monitor and understand these
differences as part of the development of a device array.

Care shall be used where Computational Fluid Dynamics (CFD) is relied upon at any stage of
the design, in particular when based on unsteady Reynolds Averaged Navier-Stokes (RANS)
analysis. It should be recogmzed that the validity of unsteady RANS analy3|s relles on
many
ed on
ucted
erally
but of
bf the
ical use
imental

@ all be
explic . ici antial” distance downsgtream
(typic i i irec oty e ioup. , Sfudies
shoul 9 i i i
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Annex B
(normative)

Reliability issues

B.1 General

Reliability is a key aspect to be considered in the development of MECs. Since such devices
are not easily accessible due to offshore location, maintenance is more complicated and
costly compared to onshore equipment. Moreover, in the case of failure, a device may be
inaccessible over a prolonged period of time due to harsh weather condition that willl¢ad to

a major increase in the device downtime. Thus, a higher level of religb s required for
MECY compared to similar onshore devices. Developing a reliabiligy s etting
targets for reliability during the design phase are discussed in Clause™

A MEC consists of structural, ical, i ) that are
interdependent. Thus, it is essential to check not only the telrgbili  £8 stems
separptely but also the device as a whole. A MEC should 4 iext all be
ensurgd that, as far as practicable, failure of a comporent™in_o / Id not
causg damage to a major part of the device or shut g i i { time.
When|this cannot be provided (e.g. by redundancy), the cagmpon ohsi ritical
and alhigher level of reliability should be required

A detailed FMECA or similar type of rewigw i i | after

prototype testing and before the devicegoesNnte.productionm’in order to ensure all ar¢as of
poor feliability have been identified. ' 5 more
detailed analysis.

B.2 | Structure and

The qupporting @
MEC.[Its failure

such ps major enxre

a , is a critical system for safe operation of a
hole device and other more severe consequegnces,
or loss of life. If it is not practicable to design the

syste somponent(s) (i.e. a component whose failure leads to collapse or
loss %‘the whole e qajor part of it) a higher level of reliability shall be requined for
such @ compignen

Due donsidera 'n ha given at the design stage to the adverse effects of deterigration
procegses (CO ar out, etc.) and fatigue on the reliability of structural compdgnents
and their conne over the design life of a device. Zones within the structural system

identified @s potentially problematic in this context shall be inspected on a regular basi$ over
the dgviee life.

B.3 Mechanical system

An important aspect to be considered in the context of the reliability of MECs is that many
mechanical components used in these devices have been initially developed for other
environmental and operating conditions. Effects of marine environment, motions and
accelerations (in particular, for floating devices), corrosion, and longer maintenance intervals
on the reliability of these components shall be taken into account. To determine the required
reliability of the components their target design life shall be specified.

Information about the reliability of mechanical components shall be collected and documented
by testing or service experience. The use of service experience is very valuable, especially if
a relevant load and operating history is documented.
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B.4 Electrical system

For the electrical system, effects of actual operating and environmental conditions on the
reliability of components shall be taken into account. As a minimum, single mode failures shall
be avoided. Where analysis or testing has identified vulnerability, steps shall be taken to
prevent such failures occurring. Where this has been achieved by duplication and
redundancy, checks shall be made that each element is totally independent of the other by
separation of equipment, cabling, auxiliaries and energy sources (batteries, fuel tanks and
accumulators).

CO, or other similar fire fighting systems shall be considered if the internal compartment
volumles are small enough.

nents
ided to

Powef factor correction capacitors for induction generators are consid
requiring particular reliability focus. It is recommended that fast
remove them from the generator circuit should a capacitor fault occ

B.5 | Control and protection system

If the|device is normally unmanned and risks to pepSonnel g 51508
type gafety integrity level assessment control systms can b v most
criticdl components, such as the emergency s However, the reliability of
the electrical and electronic equipmepnt Wi \ i igh, ue to

the neped to ensure continuity of o ‘ i i q to a
minimum by extending maintenance inteials:

The mean time between fai B for e z sually
quotefl by manufacturers g i a(basi i i iabili nts.

B.6 | Instrumentation

Separation and \s an
example, if a faultaw h fire,
some phyS|caI se athc i d systems may give vital additional time to transmit data
about|the caugse of\th

B.7

A robust testing~progsgamme shall be established in order to address all performancg and
reliabllity issues. These shall include:

e respanse to communication failure;

e response to power failure;

o performance of the response — is the time from command to action taking too long?
e redundancy testing;

e system stress testing (by introducing overload data onto the system to see how it
performs);

e communication protocol testing if it is a proprietary protocol; and

e software testing and validation.
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Annex C
(normative)

Corrosion protection

C.1 General

As MECs will be working in a highly corrosive marine environment, structural materials shall
be suitably protected or the impact of corrosion shall be offset by material thickness corrosion
allowances. The designer shall identify which corrosion zones (see Figure C.1) each
component of the device will exist within before considering forms of osion protection
during design. Note that corrosion rates will be higher in tidal environmerfts where scoufing is
possilble. Cost, maintenance required and lifetime of the protection inst'corfosion

shall also be considered. <\

Marine atmosphere

Splash zone
\ v’ - -— “ . -

( f\ .-y
- o -Ka; - -
~ L i » - - \/ - ~
—
i igh tide level

(RN

2 8 10 12 14 16 18
Typical steel corrosion rate, mils per ydar

IEC

Elevation

SOURCQE:/ AULT\J Reter; The Use of Coatings for Corrosion Control on Offshore Oil Structures, Jodrnal of
Protecfjve Lirings, Yolume: 23, Issue Number: 4, Technology Publishing Company, 2006

unpretected steel structure in seawater (1 mil = 0,025 4 mm)

C.2 Steel structures

c.21 General

Steel structures are subject to direct attack by chlorides in seawater or in the marine
atmosphere. Unprotected carbon steelwork will suffer significant degradation within the
service life of structures and due consideration shall be given to ensuring adequate durability
and performance. The decision on the most adequate method of protection against corrosion
shall be evaluated considering inspection regime, position of the structure (or part of) relative
to the splash zone, criticality of fatigue and corrosion allowances.

Protection of carbon steel structures is generally achieved by the provision of some
combination of sacrificial thickness, an appropriate coating system and/or the application of
cathodic protection. The use of appropriately specified stainless steel may also be considered
in oxygenated environments.
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C.2.2 Corrosion rates

The rate of corrosion of unprotected carbon steel is dependent on a range of environmental
parameters including temperature, salinity and the material grade. ISO 11306 gives guidance
as to likely corrosion rates in a range of environments. However conditions in the splash zone
are likely to be more onerous. Very high corrosion rates may occur in tropical waters and
subsea internal heated areas.

The corrosion rates shall be determined based on previous similar service experience in the
deployment area. In the absence of accurate information, the basis for design shall define a
corrosion rate. Consideration shall also be given to aggressive local corrosion (pitting and

groov[ng). The inspection regime shall confirm the corrosion rates assumed_in the design.
Calculations for ultimate and fatigue limit states shall be carried ou - Qi n wall
thickness expected at the end of the design life. Consideration sha i pur of
steel plements in contact with or embedded in the seabed (i. high
rates [of steel loss can occur in some seabed conditions. Con to ice
scoring in arctic waters.

c.2.3 Protective coatings

Referg ification
of codti 2 red in
this d @ i acturers and classififation
societ as tf s the
splas gh’ the application of protective

as a
for a
ection
o the
on and operation. Also, the potential for the coat|ng to
licles in the flow and saltat|on shall be given addquate

processes by marine growth (e.g. through corrosive metabqlites),

growth may™urther interfere with systems for corrosion control, including cogtings,
lining$ andcathodic protection.

Anti-fouling paint containing the organotin tributylin (TBT) shall not be used in accordance
with the International Convention on the Control of Harmful Anti-fouling Systems on Ships.

C.3 Cathodic protection

C.3.1 General

Submerged MECs can be effectively protected by cathodic protection using galvanic anodes
or via impressed current systems. General considerations of cathodic protection are given in
ISO 12473. Cathodic protection shall be designed in accordance with EN 12495, for fixed
structures and EN 13173, for floating. Where an impressed current system is to be relied
upon, sufficient secondary protection shall be provided for the period between maintenance
opportunities in the event of system failure.
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Cathodic protection is not effective in the splash zone and in these areas an allowance of a
sacrificial thickness together with the use of an appropriate protective coating shall be
considered. In areas subject to impact or wear, special consideration shall be given to the
appropriate choice of coating.

Excessive levels of cathodic protection shall be avoided to minimize the possibility of cathodic
disbonding of coatings and hydrogen embrittlement of welds and high strength steels.

For internal flooded steelwork, cathodic protection may be employed either with or without
coatings, cladding or corrosion inhibitors.

C.3.2 Closed compartments

bed to
bsion.
sUctural

Closefd compartments can be used to slow corrosion rates for un-proje
seawater. The oxygen within the compartment is depleted and limits/t}
Carefyl consideration shall be taken in evaluating the corrosion
integrjty of these compartments including:

¢ volume of oxygen and water within the compartment, fg s and
pressure effects due to loss of oxygen;

e expected number of openings of the comps
maintenance);

life (i.e. g@uring

e passible water and air leak paths;

e anaerobic corrosion; Microbial
starved atmospheres;

e Dbl

e fa

is increased within oxygen-

There htigue

C.3.3
Wher¢ provision/0 i , Lue to
electr 3 y be

Consi
comp >
carbop steel (i
steel are required,

steel

~emall areas of stainless steel in contact with much larger arjas of
nless steel fasteners) are acceptable. Where larger areas of stalinless
appropriate measures of ensuring electrical isolation will be required.

C.4 Concrete structures

C.41 General

Concrete structures containing reinforcing or pre-stressing steel are vulnerable to chloride-
induced corrosion. Relatively small amounts of material loss can lead to significant damage
due to the volume of corrosion products generated and protection of embedded steel against
chlorides is important to ensure the durability of the structure. Plain concrete elements are not
vulnerable to chloride-induced corrosion, although attention shall be paid to any cast-in steel
elements.

C.4.2 Provision of adequate cover

The provision of sufficient concrete cover (50 mm) to steel elements is generally the primary
means of protection against corrosion as it limits chloride ingress. Use of less porous
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concrete will reduce the rate at which chloride ions penetrate the concrete and thus extend
the protection achieved with a given concrete thickness — this is generally achieved by
specification of a higher strength grade.

Minimum concrete cover for corrosion protection is a function of environmental class and
sensitivity of reinforcement to corrosion. Characterization of the corrosion environment shall
be carried out with reference to ISO 19903.

For partially submerged concrete elements, consideration shall be given to the risk of
enhanced corrosion of the reinforcement due to formation of corrosion cells with the exposed
reinforcement. In this situation, the use of stainless steel or composite rebar reinforcement or

adequate cathodic protection siattbe considered.
Concrlete exposed to wave borne sand, rocks and sediment in energeti ments
may b A quent
reduction i [ i 3§\ ansideration
shall j i loride
ingregs.
c.43
Reinfgrcement exposed to seawater or marine ( at Op fects,
embe 9 bquire
corrogi grade
stainlg¢ss steel or comp03|te reinforcempent\fo & main
reinfo 3 m the
main
In the G all be
given [ i i borne ghforides into the concrete mix. The lise of
stainlj i the
provi ed in
circun is likely fo be
dispra
C4.4
Corrogi beel reinforcement and cast in elements may also be achjieved
by th ~ cathodic protection system. Reference shall be made to
ISO 1 ' esign\and specification of these systems. Particular care shall be [taken
when |it i 8d t0 profect pre-stressing steel using cathodic protection due to the fisk of
hydro ement. This is a particular risk with impressed current systems.
all be
cular,

attached or adjacent steelwork has in practlce frequently been found to be electrlcally
continuous with the reinforcing steel. Appropriate allowance shall then be made for the
resulting drain on the cathodic protection system.

C.5 Non-ferrous metals

Non-ferrous metals commonly used in marine applications may be subject to a range of
corrosion types. Specification of appropriate material grades and protection systems shall be
undertaken with reference to appropriate recognized standards and specialist literature.
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C.6

Composite structures

Galvanic corrosion shall be considered when carbon fibre composites are in contact with
metal. Usually the metal degrades first, but in some cases, damage to the matrix and the

fibres

can also happen. Carbon composites shall be electrically isolated from

components.

C.7

Compatibility of materials

metal

When different structural materials are used in combination, attention shall be given to isolate

mater
alloy)
with S
differg

C.8

Corro
with ¢

Fibre
have
while
requir

ats—thatmmay createetectrotytic corrosiom, such—asdissimitar metats(evermrof the
Particular care shall be taken when small components can act as arfode

ement to protect the rope core.

same

in canjupction

urrounding dissimilar materials. Sacrificial anodes shall be inclyded in a“design|when
nt materials are used.

Chains, steel wire and fibre rope

sion of chains and steel wire ropes used for mooring ‘ shall be degigned
pnsideration of corrosion.

rope segments in mooring lines are norma ed ‘bysan outer jacket, which is to
adequate resistance to hydrolysis, chepm igh bite, friction and [shear
retaining adequate flexibility af peratures in order to megt the
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Annex D
(normative)

Operational and structural resonance

General

2016

The designer shall take into account the harmonic response both for structural and

mechanical elements. Whilst structural damping can be expected to be quite low,
hydrodynamic damping can be quite significant and should be estimated where practical.

It shopld be noted that avoiding natural frequencies will not eliminate all

D.2 | Control systems

As the control system can influence resonant response ¢ |anical
elemgnts (both passively and actively), the designer shaH car ) i ontrol
systemn to ensure that there are no failure modes whic nse of
either| the structural or mechanical elements (e.g. 108 aft or
damaged gearbox bearings).

D.3 | Exciting frequencies

The designer shall ascertain on which (part ing and
in which plane.

NOTE | For any device ther, which
these forces occur can be These
frequerjcies can be fixed, rgndom tlng on
the support structure MEC).
For TECs turbulence quency
of the blades somewhsa on can
be ternjed broadband ext

D.4

Both [st atural
frequencie Il be
identified. D | and
mechanical.elements can be influenced by. If a structural frequency is close (say within[10 %)
of a hydradyhamic frequency, there is a tendency for them to move together. Vortex Infuced

Vibrafion (VIV) is an example of this problem. The mode shapes of all natural frequé¢ncies
shall wmmmmmd

Where it is intended to avoid operating at a natural frequency the three most common

appro

aches taken are to:

e ensure that the stiffness of the structural or mechanical elements is low such that the
natural frequency will occur sufficiently below the exciting frequency;

e ensure that the stiffness of the structural or mechanical elements is relatively high such
that the natural frequency will occur above the exciting frequency; and

e ensure that there is sufficient damping of the structural or mechanical elements such that
the response to an exciting frequency will not result in the fatigue stresses induced being
significant in comparison to the mean stresses.
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Using the first approach requires the least amount of material in order to achieve a lower level
of stiffness. However, the designer needs to be careful that whilst the first natural frequency is
below any exciting frequency, the second (or third, etc.) mode of natural frequency is also not
close to any exciting frequency. The second approach is the simplest method of avoiding a
harmonic response. The third approach is difficult to achieve unless a separate damping

component is added.

D.5 Analysis

Any analysis shall have three parts to it as follows:

* the natural frequencies shall be identified together with the mode shapes:

o the exciting frequencies shall be identified; and
e the relationship between the two shall be clarified.

The dimplest way of identifying the relationship between theg
exciting frequencies is by means of a Campbell diagram
diagr%'m shall indicate the exciting frequencies associated
condifions of the device.

Any ppints where the natural frequencies and the exgiting frequg
For tHe design to be acceptable, the margin bet '
range|shall be at least £20 %.

respopse calculation that takes into a

Ideally, the model should «teflect all si 2 It is recommended thg
naturgl frequencies that are i ) pperating speed range have a da

coeffigient greater than0,4 cati less than 2,5.

NOTE | When undertaking wi i iS~§ are often considers only one degree of freedom. This af
has sdme limitati € 9 bration in one degree of freedom can excite re
frequerjcies in anothexdeg be a particular problem when a system has a mechan

couplin|

D.6 i g ating'components
When laferal (also known as whirling) vibration of rotating component
desig ount the effect of balancing. The following standards may

bdlahcing standards.

d the
hpbell
ning)

noted.
speed

orced
d out.
t any

mping

proach
sonant
ism for

5, the
be of

D 19499, MecHanical vibration — Balancing — Guidance on the use and applicafjon of

e |SO 1940-1, Mechanical vibration — Balance quality requirements for rotors in a constant

(rigid) state — Part 1: Specification and verification of balance tolerances.

e |SO 1940-2, Mechanical vibration — Balance quality requirements of rigid rotors — Part 2:

Balance errors.

e |SO 11342, Mechanical vibration — Methods and criteria for the mechanical balancing of

flexible rotors.
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Annex E
(informative)

Requirements for a basis of design

General

Although not exhaustive, it is recommended that the basis of design incorporates the
guidance provided in Annex E. The EMEC Guidelines for Design Basis of Marine Energy
Conversion Systems is also recommended. A flow chart detailing a typical procedure to

devel

bp a basis of design is provided in Figure E.1 below.

Detail being
under| ipnally
recog
The d hental
instru quent
verifig

Provis
desig

Methg

Desig
mater|
by the

of all

Bnts.

a’r'ts or
eview

Detail being
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Published data
Desktop review of
resource and site

Concept i
design il

T Is the
Change concept
concept acceptable?

F

Have

environmental
conditions been defined
in sufficient detail?

No

concept still

acceptable?

Cre gene I\\
ice

desc iptiowv

Define:
e Design codes
e Hierarchy of standards

e Regulatory requirements

Does

No stability Yes

required:

need to be
checked?/

e On site
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Define stability calculatiops

Define:
e Structural design requirements
¢ Key mechanical, electrical and control design requirements
e Shore connection design requirements
e Deployment and retrieval, and impact on design requirements
¢ Maintenance, inspection and monitoring, and impact on design requirements
e Decommissioning strategy and impact on design requirements

Completed basis
of design document

SOURCE: Adapted from EMEC Guidelines

Figure E.1 — Quality assurance syst

em

IEC
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E.2 Design life

As a minimum, the design life of a MEC can be generally taken as the period of time for a
project to be considered financially viable. Therefore, the design shall take account of the
local ambient conditions, imposed loading and rates of deterioration (i.e. corrosion of
structural steel) that are to be expected during this period. The design life of individual
components, and target replacement schedule can also be defined.

E.3 Design standards

Applig there
are vgrious standards that impact design are as follows:
Internjational standards for Marine energy — Wave, tidal and other, erters

(e.g. IEC 62600 series).

Other|International standards (e.g. ISO, IEC).

E.4 | Regional regulations

Due donsideration shall also be given to applicg

oCdl, iomal and national regulgtions,
statutes, codes and standards.

E.5 | Environmental conditions

E.5.1 General

The basis of design shall describe i ironmental phenomena that the devige will
be exposed to and thereferenis fund to the design. It is at this point that a degigner
might|find that on - equixed\before developing the concept design and, if this is
the cdse, Annex E pfowid S Y ow to obtain such data.

E.5.2

Meteqrological ahd_ cli ally processes shall be considered. Although not all mfay be
applidable 3 /the following key processes have been identified to assist the
develppér's ’tandi of the key environmental considerations and their pofential
impagts.

Wind Joading is an irhportant consideration, particularly if part of the MEC extends aboye the

water|sdrface. Wind data will also assist in the forecast of wave parameters in the absepce of
recorded-offshore wave data

For many locations, some historical data may be available. This may be fairly general and not
take into account local effects. The designer shall decide if the accuracy of the historical data
is sufficient.

E.5.3 Air/water conditions

Estimates are to be made of minimum and maximum air temperatures that may influence the
structural design of the device, particularly exposed elements. Water temperature and salinity
may also have an influence on design and historical data for the device location shall be
obtained.
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