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Monopile: Monotonic Loading
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Problem Definition
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What is the limit of the Monopile?

Floating? 60
0 '\/\_/\/\/\/
(o]
OJackets
50 Jacket 50 1 4 Monopilesto end 2014
structures? s A Monopiles 2015 on
E 40 Most future E 40
= developments? = A
g B A
T 30 830
3 ]
> ®
; 20 Ormonde g 20 A
8 b \
10 float 3 10 A
> 0 r r r r
2 3 < 5 6 7
Turbine power (MW) 0 2 4 6 8
Turbine Power (MW)
From Guy Houlsby With thanks to David Maloney
2014 Rankine Lecture DNV-GL

TRUST

IVERSITY OF Imperial College & 0 —
Gl hcon ¢ @ Orsted o O AELSA
SOCOTEC



Project Overview — 2.5 years and £3.5m
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Project Structure and Timetable

—_ Discretionary Project Steering Committee o . Non OWA Partners
CARBON VATTENFALL i — "“EDF .
s Orsted -~ ko im@gy  Van Oord o Aug 2013 Project start date
@SSE €-0m D satkrart s : GE Renewable Energy Nov 2013 Field test tender begins
- Aug 2014 Design methods
Academic Work Group = Project Partner Technical Experts I
i ()\I(T)RI) Lead Partner Independent TecEcal Review Panel Dec 2014 Pile installation
ettt e Orsted M Jan 2015 Pile testing start
Y s @ B et manager B () Jul 2015 Pile testing complete
London - v - onve Nov 2015 Field test factual results
mrot mnare Taine o pa w,:,w Technical Manager: m":: :::o':ﬂ Dr Fabian Kisch
[ I ] Feb 2016 Close-out workshop
Assisting Consultants Testing Contractors P M ay 2016 Fina I repo rta pp I"OVEd
= . > {dap>
/\TKI NS G @) pansteel a7s ILVI]) marmotal_ %ZB"
uxo consurant Testing Assistance Testing Management stee swo'rA pie Fabricater Fibre Optic Suppier Pie Instalaton Afte r M ay 20 1 6 I m p I eme ntat ion
samckennorr | | S°°T™C SaNGWIN IN SITU concert
] stuctwral Designer and
Advanced Numerical Medeling 51 Supervision principal Testng Contractor Site Preparation Laboratory Testing CPT Investigation St Investgation

IVERSITY OF Imperial College

Q) catso O E\EL:ELA
JCD
London (\)? rSted ¢ '?RRUBSQT ) SOCOTEC




HO Scarboreton
ok Cowden
g
Teada .*_.——‘ .
s Hyl test site
1 Britain
wster, 1\ I
Sheffield
o
istrict
I Park:*
Nottingham
Leicester Norwich
S Peterborough 2
ENGLAND
Ipswich
a e o <
a0 Odord —a Dunkirk
Swindon :
a aading~ 3o -onopD test site
£
North Wessex Canterbury,
Downs AONB
=7 ) South Downs: 1420
National Park
Southampton 4
Q Brighton

o
arnemouth, & 5iemouth

 channel
"Google Maps

Site Selection and Characterisation
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- soil conditions at failure
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- small strain behaviour
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Field Test Campaign — 28 Pile Tests

D=0.76 m
P ek
/K \\
4 aQ
\
12m )

London

Imperial College

Load cell =

Stick up
inclinometer

Displacement ___

transducer

Test Pile Reaction pile
i
0
h
=41
= [

Extensometer |
Inclinometer
Fibre Optic SG |

l

A 9
HG 8
7
4
3
7 UL/RL
1 v 1 v 11717 >
4 6 8 10 12
ve/D (%)

o

SOCOTEC

!F’ISA



Cowden Test Results: D=0.762 m, L/D =5.25

50 140
Field Test 120 -
= 40 - = Field Test
= < 100 A
® 30 ®
S 9 801
© ©
= .
g 20 + g 60
N N
= S 40 -
:|°: p-y method :E
10 - p-y method
0.1D
0 | | | | | | 0 L | | L |  }
0 2 4 6 8 0 20 40 . 60 80 100
Ground Level Displacement (mm) Ground level displacement (mm)

Imperial College d on O %
London WU rSted “TRUST socoTec

TRUST



Cowden Test Results: D=0.762 m, L/D =3, 5.25, 10
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Cowden Test Results: D=2 m, L/D =5.25
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New Design Method
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Design Case: L/D =4, M/HD =10 and D =8.75m
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Design Method Application
Detailed strength and
Soil classificati Basic strength and stiffness stiffness parameters from Sl
ol classification parameters from Sl *
Soil constitutive model
calibration and FE analysis
Pil ¢ Lookup table of parameters ¢
lie geometry for given soil classification
Soil reaction extraction Array geometry
and parameterisation
Goil reaction curveD ( Loads )

Rule-Based

Numerical-Based
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Progress of Offshore Wind in the UK

Business = vourMonsy = MsrkstDats  Markets — Compsnies  Economy Nuclea r‘: £92.50 MWh

Offshore wind power cheaper than new

nuclear .

,,,,,,,,,,,,,, 2015 Offshore Wind: £114 to £120 MWh

(0 1hourage | Business | B 178 ¥ © [ < shae

2017 Offshore Wind: £57.50 MWh

Substantial savings to the UK tax payer underpinned
by robust mathematical / scientific principles and
sound engineering design

Energy from offshore wind in the UK will be cheaper than electricity from new
nuclear power for the first time.
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First commercial application of the PISA Method, developed
by Plaxis in partnership with Oxford University and Fugro

Validated against experimental results from both test sites

Rule-based and numerical-based design using user-defined
or automatically calibrated soil response curves

— Rule-based: Stand-alone tool. User-defined SRC

— Numerical-based: SRC calibration from PLAXIS 3D FE
model

More info: http://www.plaxis.com/modeto
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Postscript: PISA2 Layered Soils
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Rate Effects
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Monopile Cyclic Loading: Basics

Two Way H A HA One Way

Loading

Loading

V, Vy
* Monotonic loading response is an essential
input for any cyclic loading calculation
e Cyclic loading models must capture hysteresis,
ratcheting behaviour and stiffness change
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Cyclic Testing
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Oxford — @rsted Collaboration 2018-2023
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Publications

The work will be disseminated as widely as possible
A number of conference papers are now available

* 8 Papers on the field testing / numerical modelling / new
design methods submitted for journal publication

— 5 now accepted for publication in Géotechnique and will be available
as Open Access in the near future

— 3 under review

e Papers to come through in the future include
— Papers on cyclic loading experiments
— Papers from the PISA2 project
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Concluding Remarks

 New and different design approaches needed for accurate modelling
of laterally loaded piles with low L/D ratios

* Rule-based method with design equations or numerical-based
method incorporating the use of finite element modelling for
optimised design procedure capable of being evolved

* Avery high quality database of medium scale pile tests has been
gathered, covering a range of diameters, lengths and loading
conditions

* PISA2 expands the database and covers layered soil profiles, and the
PLAXIS tool MoDeTo will allow more widespread use of the method

* PISA Design is being applied to next generation wind farms in the UK
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Postscript: 2017 BGA Fleming Award Winner

“The Fleming Competition is held annually to commemorate the life and work of Dr Ken Fleming and to recognise
excellence in the practical application of geotechnics in a project or a part of a project. Entries are invited from
teams which will typically include representatives from Clients, Main Contractors, Consulting Engineers, Specialist
Contractors and so on. The award will be presented to the Project Team which most demonstrates excellence in
geotechnical design and construction. There will be an emphasis on teamwork across the different disciplines
involved in the project. Consideration will also be given to projects which are innovative.”

Cementation

Wednesday 6 December 2017 — Institution of Civil Engineers
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Suction Installed Caissons — Guidelines — Out Shortly

Mono-Caisson Multi-Caisson
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