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TKP Emergency and safety briefing

m 5FRGEFIFRBERERE Emergency exits

— '
._._'_-—-__ .
CARBON =~
QFFSHORE WIND
TRUST ranaRt e

m LigE S (U5 >E—ILAR)
Emergency evacuation site (Grgn Mall Park)

(7N
:\’w S\ (o)
R N
o e ] ries o R S e AN
,,‘& B Q KA
o° % T AN
o - <
1' ¢ Y 4 M
: faaf el ) g
v o ) *‘Fv
= =h,
0 = \¢ (5] a5

[ tsiaicaen RIBEON
TEY AN YW

:l.. ’
FINE Shraal M,
P 4 ('-'_. %‘ﬁ
b

By W - » e
% % a8
O X s
A O] ZEr FRu=snESS W2ASTT
.
H-pE 3

BEENCHEEA—EDTFFIO O ADIERICHEVET .
AROR BEYESEUSEIRBIIYV T HDFVET,
BBEBICTKPRAIYIHEDFETODT. TOEBTHEHFEEZL.

In case of emergency, please follow
instructions from the venue staff.
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Raise awareness, build confidence, and accelerate the adoption of advanced seismic
design methods for monopile supported offshore wind turbines.

08:30 7 09:00
09:00 1 09:30
09:30 7 10:30

10:30 7 10:45
10:451 12:30
12:30 7 13:30
13:30 7 15:30
15:30 7 15:45

151457 17:15

Registration
Opening Remarks

Setting the Scene: Why DONISIS Is Needed and Current Practice

Coffee break

DONISIS Technical Work: Project Overview & Applicability
Centrifuge test results and numerical modelling

Lunch break

Panel Session 1: Certification Roundtable
Translating DONISIS Research into Standards & Guidance

Coffee break

Panel Session 2: Bridging The Gap Between Industry & Academia
Current Gaps, Industry Needs & Future Direction
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OWA DONISIS INTERIM WORKSHOP

Carbon Trust

Christina Starost
Associate, Offshore Renewables
Carbon Trust




Our mission isto accelerate the move to a decarbonised future <careon . =7
TRUST e
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offices supporting
clients across 5
continents

400+

experts and consultants

20

years of experience in
sustainability consultancy

Team (UK, Netherlands, Mexico
and Singapore)

Ectdqp"Vtwquu"Thhuj q

5




Focus Industries

Offshore Wind - Fixed
Offshore Wind - Floating
Offshore Energy Integration
Maritime Decarbonisation
Marine Energy

Hydrogen
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Our Expertise

Collaboration

We are global leading experts in
delivering large scale RD&D and
collaboration programmes, with a
track record of delivering real cost
reductions.

0 Programme Design & Set up

Programme Management

o Stakeholder Mapping &
Engagement

o Capacity Building and
Knowledge Management

o

Research & Insight

Over a decade of experience
delivering market insights

to international organisations to
aid in their market & industry
knowledge, analysis and feed
into strategic expansion plans.

o Market Insight

o Policy, Technology, Strategy &
Innovation Review

o Energy Systems & Future
Energy Analysis

o Environmental & Social Analysis

LCOE Modelling for Innovation

o Infrastructure and Logistical
Reviews

o

Strategic Advice

We provide strategic policy and
market support, cost reduction
and economic development, and
deliver insights into technology
and industry progress to help
understand market gaps and
evaluate solutions.

o0 Innovation Needs Assessment

o Technology Guidance

o Policy Design &
Recommendations

0 Supply Chain Enablement

o Skills & Workforce Development
Site Selection, Auction and
Subsidy Support

0 Scenario Planning
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The Offshore Wind Accelerator (OWA)
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bottom -fixed offshore wind.
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The Offshore Renewables JIP (ORJIP)

Offshore Renewables JIP aims to reduce consenting and
environmental risks for offshore projects.

The Floating Wind JIP (FLW JIP)

The Floating Wind JIP Overcomes challenges and advance
opportunities for commercial scale floating wind

The Integrator

The Integrator is designed to examine the interplay
between offshore wind, existing infrastructure, and other
technologies to highlight opportunities for innovation
investment.

Sustainability JIP (SUS JIP)

The Sustainability JIP mission is to decarbonise future
fixed and floating offshore wind farms, to support the

transition to a net-zero OSW industry.
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A Require larger investments.

A Only a subset of programme
partners may be interested.

A They involve external
partners and/or public
funding.

The programme partners (and

third parties) can join these at

their discretion . We therefore
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A Carbon Trust has set up and
run 25 DPs.

A Total budget: >£43million
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ASSISI
Assessmentof single sided welds

SSD

Suppart struciure damping

DONISIS

Design of MPs under seismic

' 1| leading
PINTA
Pile Installation Re ductxonTc-"hrolcq-
ssessment

\ Public funding: >£11mi||ion/

PrediCtOr

Bird callisian risk monitaring
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Tr u Stak@ dointlnalustg €rojects (JIPS)

Unison
Unified Offshore Wind Data
Madel

Joint
Industry
Project
portfolio

0 Indelivery
O In set-up/ scoping

‘CARBON 7N
OFFSHZ2AE WIND
TRUST FEMORE wine

FACT
Future of Atay Cable Testing

Hi-VAS Phase 2
Highvoltage
aray systems

HI-VAS Phage 3
Highvaliage
amay systems

INCENTIVE

Innavative Control and
Energy Storage for Ancillary
Services in Offshore Wing

SIFBLADE
Black start demonstration

Blueprint
Constraint reduction on
vlectricity networks

_ MiRadOr

" Offshore Wind Feeoumeb

Tall Floating LIDAR System Trial for Offshoce Wind

Microwave Radiameters for Assessing




Scaling offshore wind in seismic markets

Rapid growth is concentrated in earthquake-prone regions, creating new design and

cost challenges

Market ambition

A Offshore wind design
approaches are rooted in
North Sea conditions, not
seismic loading

A Limited guidance and
experience in seismic design
for monopile foundations
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Implications for
projects

A Japan scaling rapidly: 307
45 GW by 2040, with
offshore wind expansion
accelerating across APAC
Pacific coast markets

Seismic exposure in
earthquake-prone
regions

I

High uncertainty leads to
conservative designs (heavier/more
complex foundations)

Drives higher cost, risk, and potential
delays

Can undermine project viability in
new markets



Offshore wind development in APAC

Challenges for developers

A Seismic uncertainty is driving conservative
and costly foundation design.

A Lack of proven methods for monopiles in
seismic and liquefiable soil conditions
increases project risk.

A Excessive conservatism can undermine
project viability in new offshore wind
markets.

Collaboration is essential to tackle complex
uncertainties, reduce risk, and accelerate cost -
effective innovation to meet ambitions offshore
wind targets.
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Why DONISIS matters ‘CARBON | == ™
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Unlocking offshore wind development in seismic active regions Unlocking value .

Supports expansion into
seismic regions with resilient,
durable and cost-effective —

offshore wind turbines. /‘\

N\

De-risking design

Better understanding of seismic
soilT monopile behaviour reduces
uncertainty and improves design
confidence.

Optimising cost & efficiency

Minimises overdesign, steel use
and damage risk through
advanced analysis and testing. \
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Enabling industry adoption

Delivers best practice, design
guidance and alignment with
certification and standards.

11
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Project timeline CARBON
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_________________________ |
Set-up phase Project kick -off Half-way point Project end

A Consortium set-up and A Successfully secured funding A Interim workshop with A Final summary report and

stakeholder engagement from Dutch NOW presentation of initial findings design guidelines to be
A Identifying public funding A Kick-off with 19 parties A Collating feedback from published

sources A Research activities start at TU industry and academia to A Close-out workshop in Delft,
A Development of technical scope Delft and ETHZ Zurich further calibrate guidelines Netherlands
A Identifying independent A Starting discussions around

technical reviewers and
certification bodies

follow -on work, e.g., floating-
specific case

2026
INTERNATIONAL PUBLIC & PRIVATE CERTIFICATION TIMEFRAME:
COLLABORATION FUNDING BODIES GROUP 5 years

Engagement with
certification bodies to

-y
& MN¥O increase the acceptance
= e )

and support the
E dissemination of results
- Industry )
match funding leading to a @* "FEE" Tangible intermediate
=E project val2ame of o) ==Zu e = results in 2.0 years




Offshore Engineering
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Delft University of Technology
OnTEPA |

since 1842
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Civil Engineering and Geosciences
P ZA]

civil Engineering and Ceasciénces:
{CEGT" -

Mech}.'gcal Engineering (ME)

18
DONISIS Workshop | Yokohama, Japan



A Leading University in Engineering
PJ 63. XBY [

Facts and Figures

Faculties 8
Students ~ 26,500
Employees ~7,500
Professors ~1,400
.-..'\"u.__ 45-70 ___..-""... PhD researchers ~2,300
151 - 200
¢iny — ™ $NQ=|8 — # 0 $J||8 o

DONISIS Workshop | Yokohama, Japan



From Windmills to Offshore Wind
DTw | Y

Enabled by Dutch leadership in hydraulic, geotechnical and offshore engineering

n n %t o' fist="obde k% 1

20
DONISIS Workshop | Yokohama, Japan



A mature industry Llacademia ecosystem
M) 5YDeI e EEIT3

Part of the . ..
Universities &
Dutch Offshore research institutes
Industry

/Domestic and International\
Challenges —_—
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Research on Offshore Monopiles
A ANOpunthpPBYaz

GROW: Growth through Research, development & demonstration in Offshore Wind
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Why DONISIS?
o € DONISISo x T ¢

A Offshore wind is expanding into seismically active regions.

A Countries such as Japan, Taiwan, South Korea and Vietnam combine major offshore wind potential with significant
earthquake hazard.

A In the APAC region, monopiles are attractive foundation solutions, but their use requires reliable assessment of seismic
soilgstructure interaction (SSI).
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Global Earthquake Model Foundation (2023).GEM Global Seismic Hazard
Map, version 2023.1. https://doi.ora/10.5281/zenod0.8409534



https://doi.org/10.5281/zenodo.8409534

Adapting Offshore Wind Technology to APAC
A TV xtT St XYY e
From North Sea Windt Wave Design to APAC Seismic Loading

—_— n 1/8 |II: = Qn _— -|-
Monopile design requirements:
—x A Targeted lateral stiffness
N P A Control of foundatiogOWT tilt within acceptable limits

Current offshore wind design philosophies are strongly rooted in North Sea experienceqviieie
wave loading dominate.

So, how does one design monopiles to withstand earthquakegtis is DONISIS.
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Setting the Scene.:

Why DONISIS Is Needed and Current Practice

RaneaRafanan
Foundation Engineer
EDF Power Solutions Japan K.K

Dr. Cheng-Hsien Chung
Director

Marine Industrial Department, Ship and
Ocean Industries R&D Centre Taiwan

pmip—
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CARBQN
TRUST

Yiorgos Perikleous
Principal Geotechnical Engineer
DNV

Dr. Federico Pisano

Manager, Energy Transition & Emerging
Markets

NGI



e N - s N\ _..
) TN AT e ST
y [0 : = A
2 "= A
b e
ot
o
P | |
% |

Setting the Scene:
Current Practice and
Why DONISIS is Needed

Ma. Ranea Rafanan (Raffy)
Foundation Engineer

2026 June 4t
Minato Mirai Yokohama, Japan




EDF GroupworldQ leading producer of lowcarbon electricity

EDF Group in 2025 - Others (fuel, coal)

Gas

% [i : Renewable KEDF power solutions: \
==l energies
pll e

Hadea g eassr

o o 515TWh 14%
Employees worldwide Customers | .
worldwide E ectricity generated P —
by 4%

75 gross
EDF Group TWh
Nuclear

95% 26.5 g CO2/kWh
Production free Carbon
TNRY [/ hi footprint

emissions Nuclear: 80% Renewable energies15%,
Gas: 4.5%0Others(fuel, coal) : 0.5%

: buil® a net\zéra energy future with electricity and innovative solutions and services, to help save the planet a

drive wellbeing and economic development
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EDF power solution©ffshore Wind Project portfolio ( 25GW+)

A large and diversified pipeline worldwide

USA
Atlantic Shore projects -stopped

W Operational 2,361 MW
@ In construction448 MW

0 Lease and/or PPA securég748 MW

O Development 16 GW+

a1
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58 MW - siyh 2 432 MW -nne
Floating P L2 Jacket
COD : 2029 == I
1500 MW - Gwynt Glass 62 MW - Teeside
Floating
COD : 2035 ] L]
ralnX
40 MW - Biyth 1
Gravity Base Structure
In Operation since 2017
1350 MW - Codling
Fixed
COD : 2031 I —0
L o
2000 MW i Emeraid & ws e
Floating e
COD : 2034-36 I
Partnership with Repsol %
Early Dev
480 MW i saint-Nazaire
Monopile
COD: 2022 I
497 MW T Fecamp
Gravity Base Structure
BRAZIL COD: 2024
Early Dev.

25 MW T poL

Tension Leg Platform
COD: 2025

600 MW = Dunkerque

Foundations : Fixed
COD : 2030

1050 MW - m-Normandie 1

500 MW - utsira Nord

Foundations : Floating
COD : 2030+

325 MW - Thormton Bank

Foundations : GBS/Jacket
COD : 2009-13

700 MW i princess E.

Foundations : Fixed
COD 2032

2800 MW i princess E. ligi

Foundations : Fixed I I

COD 2033+

1000 MW - poland

Foundations : Fixed
o? Auction not yet launch

1000 MW - Germany

Foundations : Fixed
Partnership discussions

1800 MW - penmark

Foundations : Fixed

]
COD 2032+ l !
448 MW T calvados

Monopile
COD : 2027

il

|

2500 MW i round 9

Fixed & Floating
COD : 2033+

250 MW T wmediterranée

Floating
COD: 2032

Foundations : Fixed _
COD : 2032 I I

400+ MW i confidential
Fixed ,.

300 MW

Dongtai IV

1400 MW i seahorse

Fixed o g
COD 2034 Q‘ﬂ‘

440 MW  wei Lan Hai Changhua

Foundations : Fixed “

COD : 2029

180 MW - wei Lan Hai Miaoli
Floating demonstration project
Auction not yet launch

1000 MW - wei Lan Hai Miaoli

Fixed & Floating
Auction not yet launch

2000 MW Bunbury

Fixed
Exclusive Feasibility Licenc
ol o
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Why DONISIS is Needed?

Seismicity in APAC and Americas is different from Europe

> The offshore wind industry is expanding from Europe to new geographies in APAC and Americas

Figure 2. Europe Seismic Hazard Map

This region consists of:
90 % of Global Earthquakes
Tp 22 2F 22NIXI RQa @21

1 L
* weDF ) .
ot szt Figure 1. Global Seismic Hazard Map ‘ 30



Why DONISIS is Needed?

Seismic design of Monopiles must evolve with monopile -specific frameworks
Early Monopile seismic design methods are primarily adapted from: T Merits of monopile-
o I T | specific frameworks as
BU|Id|ng standards ¥ .“ demonstrated by PISA.
@ Bridge piles -
© Port piles

@ Small-diameter offshore oil & gas piles

Fro— L
Qo el d et inel

Figure 3. Displacement i load curve of pile on clay (L/D=5.2)

/ Key areas of uncertainty: \

Monopile-s o i | syst embs dy n afraquencyrtransigntadynandc laading hi g h
Complex soil layering effects

Pore water pressure build-up

Liquefaction

Soil non-linearity

Soil damping contributions

o T o T T Do

Current researches are looking at 1D modelling that can reproduce detailed response in 3D finite-element without losing
significant accuracy.

:‘;epr \ DONISIS is not meanttobeafir e v o | u t change #orssistic design of Monopiles, ratheranii e v o | ut iomen a)/r

w5zl
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Why DONI SI'S 1 s Neede

Uncertainty = Bankability impact

Uncertainty matters because it drives more conservative design choices.
In practice, uncertainty can translate to:

A Higher safety factors and heavier foundations

A Fabrication, storage, transport, and installation constraints

A Higher project cost therefore higher LCoE and weaker bankability

ﬁough scenario: \

A 450MW project, 15MW class, 30 units

A Foundation accounts for 30% of CAPEX

A 10% of foundation weight is set as uncertainty buffer. It is equivalent to 100-150 ton of
steel per MP-TP set.

NN/

For the uncertainty buffer alone ,
g3 % Tot al project CAPEX (Tot al Del t a:
Due to extra tons of steel, upgrading vessel assumption, extra charter days for

438 Mi

only

reduced MP -TP set/trip due to deck limits etc.
Hypothetical figures J
N\

> To minimize conservatism, unique methods for each project

a1
+ oeDF

uewe szlabions

6‘~

d from D

VA Y

s
e

If no vessel available in Japan,
procuring vessel abroad
(cabotage / reflagging risk)

can be developed.
t+  Extra development cost, Schedule impact, a@eértification risk !

32



EDF R&D and seismic analysis

EDF R&D has historically a lot of experience in seismic analysis, in particular in traditional power
plants, nuclear power plants, and dams

Assessmentof seismic relative
displacements between
structures by considering soil-
structure interaction of the whole
nuclear site

studies.

FEM model of arch
dam, foundation and
reservoir for seismic

CODE aster is an open-source finite-element software developed by EDF.

4 === e 0

EDF R & D dnskind Contribution to DONISIS

| P

A The in-kind contribution focuses on modelling and } i
benchmarking the ETH Zurich centrifuge tests. = 3 PN o
A EDF is involved in the review, independent model OpEliEEes m| |,,m, » i
N -

validation, and contribution to specification of

GR8GEO i I T 1

centrifuge test. S |
tool for "
DONISIS B e I
.. Engineering Second

+ oeDF

e gz latioes model Eigeande

A e

Mode shape

diagram
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OWA DONISIS
Interim Workshop

Typhoon and Seismic
Documentation Review for
Offshore Wind Projects in Taiwan

Cheng -Hsien Chung

Director, Marine Industrial Department
Ship and Ocean Industries R&D Center (SOIC) Taiwan

Yokohama, Japan | 2026



/ CURRENT STATUS

5?3/\/ Total Installed Capacity Newly Installed Capacity
50.0 According to GWEC's Global Wind Report -
450 2026, Taiwan ranked 5th globally in total 1.8
installed capacity and 3rd in newly installed
0.0 capacity for offshore wind in  2025. 1.6 !\' 0 3
35.0 1.4 e
30.0 1.2
I No.5 1

10.0 0.4
5.0 0.2
00 . H = - 0
PSRN\ A ST I RS e & Qo S
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OWA DONISIS Interim Workshop Source: GWEC, 2026
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Talwan - Specific Environmental Conditions

aracteristic

A AR o0ed 081 0700 ) Seismic Sof
a0 -

Earthquake

RN ER design basis earthquake
of 475 year return period
(uniform hazard response

spectrum)
s EmEN >
— [T L]
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Hazard Seismic Source.
| AN |
[CErinmoen . wm |

Typhoon / weath

Geological Condition

Refusal VS Pile run

Geological condition and pile interaction
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/| FRAMEWORK

Current Seismic Design Framework in Taiwan

Taiwan extends its general seismic design practice into offshore wind through national standards, project certification and
government review.

Documents PC review for government

e Energy Administration @‘SM ETEEY °f|.§§:2§?if:(glgﬁ|r)°|°gy&

Review Team

\Aﬁl;‘kir!g QUicit'eIines Working guidelines for (R
=] OF Lo INSpoction v —||| the execution of project Certificate bod
;_ work completion  _" s Hl| certification —>  Committees Y, )
o —|H for the electrical v — ;
=I" industry Q !

. . . BSM\ . . pe . . .
Completion Application et Project Certification Review Meeting
Technical S i
meeting tege meeting
DNV m

Government -commissioned PC review overview

Commercial ‘
developer PC The third certification body
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/ BSMI REVIEW MECHANISM

How the government review is organized

Review sequence

Technical Review

Working group +
technical reviewers issue
comments

Four review modules

Design Basis
Site condition, design
criteria, typhoon /
seismic basis

OWA DONISIS Interim Workshop

Stage Deliberation

BSMI convenes stage
meeting and confirms
response direction

Design
Structural, geotechnical,
electrical and system -
level evidence

]
Final Deliberation

Summary report and
final review proposal

Manufacturing
Conformity and quality
evidence for major
components

Reviewers / participants

A BSMI and gover nme
representatives

A Working groups

A External experts
professors

A Certification bod
A Developers and de
consultants

Transportation &

Installation .
Marine operation,

method statements and
installation records



/ BSMI REVIEW MECHANISM -continue

Government -Commissioned Project Certification Review Service

The review covers four modules: Design Basis, Design, Manufacturing, and Transport & Installation, applied to
WTG & FOU, Cable, and Offshore OSS. Some modules require certification body involvement; The required
documents according t o Working Gui del i nes For The Execution Of Project C

Completed / operating wind farms

Grid - On or before 2021.12.31 2022.01.01t2025.12.31 Hind e cluster publiestatus Hee

connected 3 2 | 5 ) o :
year e B G Cable Offshore e Sl Cable Offshore ormosa Completed/ operating emonstration -phase reference
0SS 0SS
Taipower Phase 1 Completed / operating Public-sector demonstration case
Design Basis . 0 O . 0 O
Formosa 2 Completed / operating Zone -development project case

Design
Greater Changhua 1 & 2a Completed / operating Large commercial -scale case

commercial stage

O OO
O OO

[ [ [ o
VEINUEETY O . 0 ‘ Changfang & Xidao Operating / Large commercial -scale case
0] o 0] o

Transport &

: i Operating or staged ol
Installation Yunlin/ Zhong Neng Large commercial -scale case

progress

‘ Project certification of the module must be conducted by an accredited certification body.

O Project certification of the module is not mandatory by a certification body; however, related documents must still be
submitted and reviewed by the government review team.

OWA DONISIS Interim Workshop



/ DESIGN CONSIDERATIONS

Offshore Wind Support Structures and Seismic Design

Seismic Design Requirement

A Scope
i Rotor-Nacelle Assembly (RNA)
i Support structure: tower, substructure and foundation

A Performance Objectives
T EQZI1: return period of 475 years EQ1 & EQ2: according to

A RNA: allowable damage .
A Support structure: almost elasticity Appendix H of CNS 15176 -1

i EQ2: return period of 95 years
A Foundation :
i Allowable permanent deformation
T Inclination angle of foundation  shall meet the performance
requirements of SLS.

A Analysis Essentials
I ULS:stress and strength of structural components, bearing capacity of
foundation piles
I SLS: permanent deformation of foundation

OWA DONISIS Interim Workshop



Common Seismic Issues during Technical Review

Typical review focus for typhoon / seismic and site

Review intent

These issues usually require
the developer to demonstrate

traceability between site
investigation, design  basis,
numerical analysis, and

certification evidence.

The key review question is
whether local Taiwan
conditions are properly
reflected in the design and not
only referenced as generic
standard compliance .

Focus: consistency + traceability

OWA DONISIS Interim Workshop

-condition related documents

CPT execution vs. CNS 15176 -1

Check whether CPT locations, depth, cone parameters,
calibration records and reporting format are consistent with
required site investigation practice.

Shear velocity of bedrock

Review the engineering bedrock definition, Vs profile and
Vs30 assumption. Sensitivity checks may be needed when
reference depth or bedrock stiffness is uncertain.

Corrosion protection strategy

/ DOCUMENT REVIEW CASE THEMES-continue

PSHA / SRA and liquefaction depth

Confirm the return period, input motions, soil profile,
nonlinear soil parameters and liquefaction assessment;
identify the maximum liquefaction depth used for design.

Maximum seabed level change

Assess seabed mobility, sand -wave migration, scour and
possible exposure. The result should be reflected in cable
burial and foundation design assumptions.

Clarify coating durability, cathodic protection design life, inspection plan, and microbial corrosion (MIC)

consideration for long -term offshore exposure.

Suggested review comment: request clear acceptance criteria, supporting references,

and consistency among design documents.

The identified issues should also be

continuously monitored and followed up during the operation and maintenance phase.



/ CONCLUSION

Conclusion and Feedback

Current review system and suggested improvements for typhoon / seismic design evidence

Conclusion

Taiwan has established a project certification review framework for offshore wind development, and the
review process has been applied to multiple offshore wind farm projects. Through these accumulated
project cases, the regulatory and technical review practices for typhoon and seismic design have become
more structured and experiencebased.

Feedback / Suggested Improvements

‘ Clarify review interfaces Strengthen criteria ° Link to O&M follow  -up
Define clearer links among Energy Provide more explicit acceptance Carry critical typhoon / seismic
Administration, BSMI, certification criteria for PSHA / SRA, liquefaction assumptions into O&M plans,
bodies and developers at each depth, bedrock velocity, seabed monitoring, post -event inspection
permitting milestone. change and typhoon assumptions. and periodic reassessment.

OWA DONISIS Interim Workshop



/| CONTENT

Seismic Source Characteristic Ground Motion Characteristic
A Seismicity Assessment (Earthquake Catalog) A Ground Motion Prediction Equations
A Geological Investigation: Identification of (GMPEs)
Significant Seismic Sources A Ground Motion Database
Earth q u ake A Active Fault Geometry A Hanging Wall Effect
A Earthquake Recurrence Model A Near-Fault Effect
— A Maximum Magnitude ( Mmax) A Regional Ground Motion Characteristics
o \ Logic Tree & —design basis
CNS A Data and Model Uncertainties earthquake of 475
WAhE- 0 A A Logic Tree Weigllting Factors year return period
(uniform hazard
Wiad pariae - Part 1 Desiga o . . . .
regsiremants Probabilistic Seismic Hazard Analysis response
J— A Seismic Hazard Curves for Different Fractile Levels sfigctrum)
L Alncorporation of Ground Motio rediction
Hazard Seismic Source
Tt Soctee A Controlling Earthquake Scenarios (Magnitude and Distance) ground motion
3 _ y _ response
Site Response Analysis spectru
A Soil Profiles and Geotechnical Parameters at Each Wind Turbing oo '
Location

A Reference Rock Input Ground Motion Time Histories (Consistent with
mRlES > a0 2k)

NG - 3 -9

OWA DONISIS Interim Workshop
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Content

Introduction

The ACE 1&2 JIPs

Key takeaways for Donisis JIP
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The ©CE Joint Industry Project

Challenge:

Agree on industry approach how wind turbine structures should be designed for
Cyclones and Earthquakes

48 DNV ©




Why a JIP?

Designers Developers and N Certification
Authorities )
Manufacturers owners bodies

Minimize cost, warranty and liability risk

Optimize for seismic and typhoon conditions at an early stage

Balance between safety and cost

Understand safety level and the risk associated

49 DNV ©
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Remaining AMCE 2 (2023-2025)
challenges

ACE 1 (20192021
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ACE 17 (2019-2021)

DNV-GL
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#CE 2171 (2023-2025)
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Key takeaways for Donisis JIP
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Design Principles

Wind Turbines

A Following IEC 61400 and DNV standards
A 475-yr return period

A ULS check, reduced material safety factor for steel support
structures allowed

A Reduction of ULS return period possible for RNA

A ALS check should only be performed in case of increased safety
demand

A 95-y SLS check for geotechnical aspects

Substations

A Follow 1ISO 19901-2 and I1SO 19902 process

A L1 structure, ALE typically around 3,000-yr

A ELE typically at 300-yr if Cr = 2.8

A Cr = 2.8 represents a ductile jacket with X-braces

A ULS check at ELE level; nonlinear check at ALE level

53 DNV ©

Response spectrum method
A Allowed for onshore WTG
A As stated in IEC 61400-1

A Low damping when compared to ordinary onshore structures, this should
be adjusted according to IEC 61400-1 process

Time history method
A Offshore WTG and WTG foundations must use time history method
A As required in IEC 61400-3-1
A A minimum of 4 sets of earthquakes should be used

A Preferably 7 sets of earthquakes are used to cover seismic variability

DNV



Modelling approaches in seismic design

———————

assessment

- -
Apply Interface loads to
substructure

T -
Smeme------

P ———

Integrated analysis
Superelement method

- ————————
o

DNV ©
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WP1 Damping 1T How can it be modelled

a. Linear b. Non-Linear

_ _ 4. Linearised Super-
2. Nonlinear 3. Spring & Dashpot element with

Hysteretic springs Rayleigh damping

DNV



Framework for including soil damping in WTG seismic design

56
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Simplified
Damping

Procedure

YES§

End
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Support structure|
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Framework for including soil damping in WTG seismic design
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How it all began
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Federico Pisan 0
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Outline

A An enabling research environment
A A research journey on monopiles
A The MIDAS framework

A Towards DONISIS and future challenges

DONISIS interim workshop
Yokohama, 04-06-2026



An enabling research environment

Cross -faculty research capabilities

A Faculty of Aerospace Engineering
A Faculty of Mechanical, Maritime and Materials Engineering

, A Faculty of Civil Engineering and Geosciences

o
il

A structural analysis & design

material behaviour & testing

";:;: £

..........

: soils & foundations
hydraulics & coastal engineering

strong links to offshore industry

> > >y > >

software development
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An enabling research environment

The GROW consortium ( Growth through Research, development & demonstration in Offshore Wind)

Projects theme | Pestners

GROW partners
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An enabling research environment

A Dutch R&D portfolio on offshore wind foundations
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A research journey on monopiles

Evolution of (mono)pile engineering across offshore energy markets/regions

TRADITIONAL OIL & GAS OFFSHORE RENEWABLES (OFFSHORE WIND)
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A research journey on monopiles

3D analysis of monopile tilt using the SANISAND  -MS model

lateral cyclic permanent tilt, q
loadin / L
g densification and shear
i » strain accumulation
eccentricity, |
e 1 Th .
mudline e
moment, M " st St

Pasten et al. (2014)

Morralizad moment

s

measured tilting response at pile head

Iritia svzas

N =10%,104,10°
|

[

Cyele 107

\

Cydle 107 Cyele 108

o0t 0ar2 p03 0afd 0o0oE 0006 D0OF 000 D00 0e0t0

Mearmalised matatian

Houlsby (2016)
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A research journey on monopiles

3D analysis of monopile tilt using the SANISAND  -MS model sample response to triaxial loading
&b O S M- RS
7200 L
memory-enhanced bounding surface plasticity FEIS
£
Memory surface Yield surface (YS) =
Bounding surfaca o oan
determines onset of irreversible strains

0 D26 1] 075 1
Bounding surface (BS) Aol glrsin ¢, [%]
3D FE monopile response simulation
encloses admissible stress states gx 19'
Yield surface 6
Memory surface (MS) =
2' 4
M3 Z
f2 defines virgin loading (deletion of fabric memory) gﬁ—
Liu et al. (2019) g2
1
0.4 04

0.2 03
Pile head rotation []
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A research journey on monopiles

3D analysis of monopile tilt using the SANISAND

memory-enhanced bounding surface plasticity

Memory surface
Boundirg surfaca ¢

Wield surface
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Liu et al. (2019)
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A research journey on monopiles

Application of SANISAND -MS 3D FE modelling to PISA field tests in Dunkirk
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A research journey on monopiles

Improving efficiency and applicability: 1D cyclic modelling with CPT -based calibration
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A research journey on monopiles

Improving efficiency and applicability: 1D cyclic modelling with CPT
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The MIDAS framework Y o e o @

grow RWE @ BEARE fimi
MIDAS E Funan LT

VTR LL

i collaboration with NI’:' E—

DGl

Addressing gaps about monopile cyclic analysis/design in sand

centrifuge testing 3D FE analysis
B N g -— - -

cyclic soil reaction
modelling

courtesy of Per Sparrevik (NGI) Develop and calibrate a 1D cyclic soil reaction model for monopiles
in sand building on advanced numerical & physical modelling
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The MIDAS framework

Project activities (2020 -2024)

A WP1: centrifuge tests at TU Delft & Deltares
A WP2: 3D FE studies using SANISAND-MS

A WP3: formulation, calibration, & validation of
MIDAS cyclic soil reaction model

A WP4: towards Technology Qualification
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The MIDAS framework

Project activities (2020 -2024)

Che 1 Dwmmmniy

U . Acalibration vs soil element & centrifuge tests
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Aparametric studies using Plaxis 3D

A WP1: centrifuge tests at TU Delft & Deltares Ainforming formulation of cyclic soil reaction model

A WP2: 3D FE studies using SANISAND-MS ,

e

A WP3: formulation, calibration, & validation of
MIDAS cyclic soil reaction model

A WP4: towards Technology Qualification
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The MIDAS framework

Project activities (2020 -2024)

A WP1: centrifuge tests at TU Delft & Deltares
WP2: 3D FE studies using SANISAND-MS

T

A WP3: formulation, calibration, & validation of
MIDAS cyclic soil reaction model

A WP4: towards Technology Qualification

memory-enhanced bounding surface plasticity
with multiple soil reaction components
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The MIDAS framework

SCPT-based calibration + comparison to VIBRO field tests
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The MIDAS framework

Current and upcoming publications

WP1

A Peccin da Silva, A., Wang, H., Zwaan, R., Askarinejad, A., & Pisano, F. (2026). Cyclic lateral behaviour of monopiles in very dense sand: a centrifuge study on pile geometry and
loading sequence effects. International Journal of Physical Modelling in Geotechnics (Special Issue), Accepted for publication. + database (Deltares centrifuge tests)

A Wang, H. (2026). (2026). Physical modelling of monopiles in sand: A generalized scaling law and long-term cyclic response. International Journal of Physical Modelling in
Geotechnics (Special Issue i Bright Spark Lecture), Under review.

A Wang, H., Askarinejad, A., & Pisano, F. (2026). A centrifuge dataset on a cyclically loaded monopile in sand. In preparation. + database (TU Delft centrifuge tests)
WP2

A Liu, H., Konstadinou, M., Wang, H., Jostad, H. P., & Pisano, F. (2026). 3D FE cyclic modelling of monopiles in sand using SANISAND-MS: Calibration and validation from soil
element to pile-interaction scale. Soil Dynamics and Earthquake Engineering, 204, 110177.

A Flessati, L., Habib, F., Wu, K. W, Liu, H., & Pisand, F. (2026). Conceptualising the lateral response of monopiles in sand to monotonic and cyclic loading: A SANISAND-MS 3D
FE investigation. Computers and Geotechnics, 195, 108069.

WP3

A Pisano, F., Kementzetzidis, E., Wang, H., Marino, M., Wu, K.-W., Habib, F., & Peccin da Silva, A. (2026). An SCPT-based monotonic soil reaction model for monopiles in sand:
calibration with centrifuge tests and assessment against field data. ASCE Journal of Geotechnical and Geoenvironmental Engineering, Accepted for publication.

A Kementzetzidis et al. (2027). MIDAS cyclic method paper i In preparation.
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The MIDAS framework

A sneak peek at the closing act... (Dunkirk PISA test simulation i DM2 pile)

3D FE SANISAND-MS simulation
using in-situ + laboratory data

in-situ data + centrifuge-calibrated
MIDAS 1D model parameters

1-00C0O0

- W '
x'f:_ T ’ _,+
. o . \ { | / e ——
20 arlaar Y, ] i Li e
T ! 1 ’ et ’ N -
"y 3\ : ot R T 001600
L= L —_— ! N v
4 s = gk e
4 = tful" \ St " -. =T _.-ff'”‘““h - Woe
. E] [T T B oo .‘.h___:.:':-“!' — It -_- r= H
[ETES [T e ol i ..-__4_.-4_-“""-..-""‘"“"—\ ! p-on1oo0 b
L[5  Frnr G N 1= :
MENE e . T
3 . |
I' '!'u 1099 -_-_“'H'J ) = : 0-00070 reld cetd 4 LS2-3DFC
: i:u |r|.ulzt1 .i.lﬂlll T . e
+ @ 0¥ 10 i S kg sva i
e LA Gedl - LAL RICAR — 1311l data 4 150030 5F

0-00C07 |

10 100 1000 10000

N R U & 1w ! T
ot e . At a 4 a1 el
M T Byrne et al. (2020) ! ! af' ! "

Kementzetzidis et al. (in preparation)

W

Pisano et al. (2024)

DONISIS interim workshop 77
Yokohama, 04-06-2026



Towards DONISIS and future challenges

Main achievements and limitations

A Joint efforts of industry and academia to advance cyclic monopile design
A New experimental datasets, cyclic pile load tests at different scales

A Enhancement of cyclic modelling capabilities and their validation

A Development of industry-oriented model calibration approaches

A MIDAS limited to sandy soils under low-frequency/quasi-static cycling

A Ongoing research for monopiles in clay and seismic loading conditions

nnnnnnnnnnnnnn
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DONISIS, 4,
:

J

DONISIS interim workshop 78
Yokohama, 04-06-2026



Saint -Nazaire OWF
France

Federico Pisan 0

Manager, Energy
Transition & Emerging
Markets

Federico.Pisano@ngi.no

contact details here

79



DONISIS Overview and Applicability
Centrifuge test results and numerical modelling

Dr. Vagelis Kementzetzidis
Assistant Professor
TU Delft

Dr. Liam Alexander Jones

Staff of Professorship for Geotechnical
Engineering

ETH Zurich
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PhD Researcher, Geotechnical Engineer
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Engineering of
Monopile-Supported Offshore Wind Turbines
ANOpEu-v"™ | K. PpxPJ

Evangelos Kementzetzidis
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The offshore monopile
/ AN 0Qu

the success of monopiles:

simple fabrication and robust design

Smith, A., Stehly, T., & Musial, W. (2015). Source: Sif Group
2014-2015 Offshore wind technologies market report.
National Renewable Energy Lab.
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Monopile engineering challenges
ANOpun P A xR

A Driveability A Safety

, . \3'00 e
A Noise A New Technologies “\5@/( W@’@

2"

shallow waters T monopile
~%1 {21 Rumi
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Monopile engineering Challenges

ANOpun P A xR

A Cyclic loading A Diverse soil conditions

A Earthquakes A Design optimisation

shallow waters T monopile
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Monopile engineering challenges
ANOpun P A xR

A Feasibility A Environmental concerns

m‘@&

A Technology/method A Operational protocols (\&Y‘
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Knowledge, Tool Transfer and Continuity Across Projects
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The DONISIS project
DONISIS m3 €a”" nm”1 . x dk SOpE

Project goals

A Understand the seismic response of offshore wind turbines, including
pore pressure effects
Lo 4 f fi — TN

A Develop design guidelines for OWTs and monopile foundations in seism
regions

L a
A Establish engineering models for reliable seismigfnihdationcOWT
SImU |atI0nS Figure from Bhattacharya et al. (2021)
— ™ [ a3 f fi —V k-

i dL
Z i ==
X A .
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The DONISIS project
DONISIS m3 €a”" nm”1 . x dk SOpE

a—

DONISIS, 4,

ij .I'l =

Project Steering Committee A Universities & research institutes
kit e i A Offshore wind developers

fupaitt. Bovwe § Hoentey === oece e A Energy companies

., A Engineering and modelling specialists
NGl @nvu § Orsted RWE ﬁ T=PCO A Offshore contractors
ETH zirich SIEMENS Gansa |8 EFFITTN A OEMs _ . _

A Geotechnical consultants and international
experts
A

Independent Technical Review Pan Certification bodies
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The DONISIS project
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Project Technical Coordination: TU Delft

WP1: Cyclic sand constitutive modelling
Led by TU Delft & Durham University
with support: NGI, PLAXIS, ITRP

WP2: Seismic centrifuge testing
Led byETHz
with support: TU Delft, SGRE, @rsted, EDFR, Industry Partners, ITRP, CBG

WP3: 3D FE modelling
Led by TU Delft
with support:ETHzZNTNU, Durham University, SGRExis ITRP

WP4: 1D FE modelling

Led by TU Delft

with support:NTNU, NGI, SGRE, Geotechnical Consultant, Carbon Trust, ITRF
CBG, Industry Partners
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The DONISIS project

DONISIS m3 €a ™ m" 1 x Kk SOp E

Monotonic + cyclic loading Site Response Analysis Dynamic System Response

!

L
Feovn

: t H = * * s
b jI
e —e—— _—
—~— ~
n
A== — AL 8 < _ A |IL'
At Rumi — 0 2 "_J -
A - 241 -” _
0 O mml
A i _ A

92
DONISIS Workshop | Yokohama, Japan



Stavros Panagoulias

Wh at fO | | OWS r) (PhD student)

TU Delft

ax i x

A Mr Stavros Panagoulias will present the novel DONISIS prototype dynamic scaling method
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What follows?
ax nx

Liam Jones

A Mr Stavros Panagoulias will present the novel DONISIS prototype dynamic scaling method

Stavros Panagoulias DONISIS %51 |

™K. J 2 wamk

© > fi -

A Dr Liam Jones will discuss the design and execution afgbeentrifugeexperiments conducted at ETH Ziirich

Liam Jones ETH Zirich tdl v — <

Courtesy of ETH Zurich
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Iman Moghadam
What follows? @ (P10 sueny
axnXx

A Mr Stavros Panagoulias will present the novel DONISIS prototype dynamic scaling method

Stavros Panagoulias DONISIS %t | =™k. J = wak @ > fi~ - = ™M=

A Dr Liam Jones will discuss the design and execution afgbeentrifugeexperiments conducted at ETH Ziirich

Liam Jones ~ ETH Zurich ¢4 v - < - = ™=

A Mr Iman Moghadam will present the role of constitutive modelling in the analysis of seisng@tismiture interaction problems
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| S Stavros Panagoulias

Wh at fO”OWS? w T(Ehsels:tudent)
axnix

A Mr Stavros Panagoulias will present the novel DONISIS prototype dynamic scaling method

Stavros Panagoulias DONISIS %t | =™k. J = wak @ > fi~ - = ™M=

A Dr Liam Jones will discuss the design and execution afgbeentrifugeexperiments conducted at ETH Ziirich

Liam Jones ~ ETH Zurich ¢4 v - < - = ™=

A Mr Iman Moghadam will present the role of constitutive modelling in the analysis of seisng@tismiture interaction problems
Iman Moghadam — g — %1 R

A Mr Stavros Panagoulias will present the 3D FE and 1D FE modelling activities within DONISIS

Stavros Panagoulias DONISIS %5t 4| 3D %4 1D —:
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Presentation outline
I

AWhy seismic centrifuge testing is needed for offshore wind turbines
- -

A selected prototype: key dynamic and foundation characteristics
Ko J o wmk 0 % ||
A Dynamic scaling methodology for centrifuge model design

_J L

A Performance of the optimised downscaled model



Seismic centrifuge testing considerations for OWTs

Full -scale seismic testing of OWTs is impossible - only monitoring of built structures.

Centrifuge testing provides a controlled test environment to study seismic soil -structure
interaction .

Seismic centrifuge testing requires dynamic similitude between the complex prototype
OWT structure and the centrifuge test model T not trivial .

-

-

—

Courtesy of ETH Zurich



Seismic centrifuge testing considerations for OWTs

Prototype Downscaled
Model
Representative of a multi - The downscaled model
MW offshore wind turbine must satisfy the
with a realistic support- geometrical constraints
structure design. imposed by the centrifuge

environment.

courtesy of
SGRE | SG
14-236 DD
prototype in
Brande,

Denmarl k / \
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The 14MW Siemens Gamesa 14-236 DD prototype

Prototype

Representative of a multi -
MW offshore wind turbine
with a realistic support-
structure design.

courtesy of
SGRE | SG
14-236 DD
prototype in

Brande,

Selected offshore wind turbine generator:
Siemens Gamesa 14 -236 DD

Estimated natural frequencies
(fore-aft, side-side range):

f, ~0.15 Hz

f,~0.87 0.9 Hz
f,~1.57 1.7 Hz
f,~2.87 3.0 Hz

Main support structure & offshore site properties:
A Water depth: ~30 m

A Sand-dominated site

A Hub height (above mudline): ~170 m

A Monopile diameter: 9.0 m

A Monopile embedment: 29.0 m

A Length-to-diameter ratio (L/D): 3.2 oo



Dynamic complexity of OWT motion under seismic shaking

I Under earthquake loading multiple modes may be mobilised which influence foundation
loading and as a result soil reaction and pore -pressure response.

I Anindicative numerical study with the Kobe JMA (1995) motion highlights the role of
higher bending modes in the coupled system response of the selected prototype .

— rmudine {rronoplis) Panagoulias et al.
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