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RSN A X
The need for site investigations

e iy A

Foundation design

o FERHPIEE F TREAAKI20—30%

Foundations may comprise up to 20-30% project cost

. g

Bathymetry

o FLmH vt — MR I A

Foundation design - geotechnical/geophysical conditions

© SRS I BAT GRIFESZRFE)

Hydrodynamic loading of structures (met ocean)

I EE R PEA

Environmental impact assessment

« X BRA BRI

Physical

- EAERE

Baseline data

« XAEYIHIE

Biological

« Xt ﬁ:A?éﬁciFHjC%E’J%ﬂﬁ

Socio economic / cultural s
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—M Latham (1994)

“ BB NRST E RN KR, KRR B
Wb A, B ERE AR, (HRNAERAN

“No construction project is risk free. Risk can be managed, minimised, shared,
transferred or accepted. It cannot be ignored” M Latham (1994)

R H BT, RISEER, HIbRE RN, LA
1%?‘%3’[2 AR T R ELS B R &5 i R e fa e 2
Ao

Well planned site investigations, carried out early in the project timescale are
essential to ensure the potential risks associated with the occurrence of
unexpected physical site conditions are minimised.
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Geotechnical / geophysical investigations

IR GNP RES

Phased approach

- BRMEEITR

Desk top studies

o HuFTH AP A

Preliminary geophys survey

-« THID =

Preliminary project layout

o MFAETRI R

S| planning

- WAE

On site investigation

o SERERIA -
Laboratory testing———"" - AR
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Geotechnical / geophysical investigations

BB EEAIF 5T vesk top stucies
o fﬂ,ﬁ% ,% E](] %%Sources of existing information
= i‘@)ﬁ i‘@ Piz] Geological Maps
- % ﬁﬁbﬁ g)j ?)r\"‘l British Geological Survey
— LLAT B T AEerevious works
° @&IECOnstruction works
¢ @%’Zﬁ/ %iﬁ%@ :&Cable/pipeline laying
° ‘mﬂ/ /:_:LE:’J i%f_éOil/Gas exploration
- % 7Kj:i‘@ﬁ§tﬁ3 l‘j UK Hydrographic Office
- g‘i EF] ﬁ%mrial Photography
- %'l i‘@% ,%\Local Knowledge
¢ *Z XF K& l:lzﬁfj“cf)ﬁ',ﬁ H‘]% JEl coliate and compare all existing information
- ;ﬂﬁ ﬁ fﬂﬁ% E\ B@’{k%&oeﬁne the current state of knowledge
— R RILIG R EHHE Briarion wnatsnotimomn sbouveste | Ml
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Geotechnical / geophysical investigations

* T H WP 2 HF (F T BRERY

Preliminary project layout (based on desk top studies)

it

° E ,5\')& BE%‘JPhysical constraints
- XﬂL tb!ﬁﬂ?‘%f;‘ffﬁi — HTJ‘ I‘ET,U?@JHistorical comparison of bed levels - time history
— 7J(i7"|_‘€Water depths
- #M%&Grid connection
- ﬁi%&% ﬁEﬁ?UEcological constraints

o 37Ut A fRiPreliminary site layout
- i})ﬁt@*ﬂsite area
- ﬂﬁ%ﬂ‘]ﬂ*ﬂjﬁ%possible turbine layout
— A BEFK) B 2 % 2R likely cable route
S - - = LA




‘ Hi R M B B R

Geotechnical / geophysical investigations

W7 AE v+ XlS! planning
o K5 BAS X EERF ST Risk vs cost
- B SE AV AL 2 %515 Binitially sufficient information for preliminary design
- B RIEIETE E]Adequate coverage
- %Kﬁ H"]ﬁfﬁ‘ﬁ_ﬁ%%ﬁ?Lﬁiﬁ%Reliability of data - borehole vs seismic
SIS ] 1A — B Z= 4 i Weather/accessibility - summer preferable
i}ﬁﬁﬁgﬁ%Programme
mﬁ% H‘Jﬁ(@ﬁiContractor availability / }%L H H‘]iﬁ%vessel choice
T ﬁﬁ‘ﬁﬁ[ﬂRange of investigations
- T HRIENT 5T B 45 FBased on results of desk top study
o Hi T 2% )/ B 2% FR] Geotechnical/geophysical
o WFFES S S Metocean
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Geotechnical / geophysical investigations

IF'L.:% "Lﬁ ﬁ T ?'j\"J jﬁ % On site investigations - bathymetry
o 5 AR soner survey
— AFE XML DX A Ja] ] [X 35 cover wrbine area and surmounding sea
— 3= B DX IR /) TR R S A B D 75 A4 U100 150 m Closely spaced ortnogonal survey

runs on main area - 100 to 150 m

- E{}Hﬁﬂﬁ H@i@lzﬂﬁﬁ Ej( B@ I\ET,I Kl%iﬁ’?fﬁlﬂ %Suweying can be more widely spaced on more

remote areas

- U\%ﬁﬁﬁfﬂi ’ %Ignélj( EK] IXfEELarge areas covered at min _ I T
— #MFEFT FLZ 18] B X 33Fits i areas between boreholes it
— N VHRITF R FEFT FL AL E shoua be planned o corncide w b
¢ E‘“A'—? f@j—% jJ[]I H@ﬁﬂ: %*ﬁ %é’unked into coastal processes stud;
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Geotechnical / geophysical investigations

MG AE— BT

On site investigations - geophysical

° }“ﬁ}%%UESub bottom profiler
- N FEKEMN RGHITHI A E

Towed array with DGPS positioning

- AR T HEFHHE R

Provides information on sub-bed stratigraphy

- BT RER AR RS R

Results based on interpretation of seismic profile

- DIBARAAS, 8 75 KHX

Large areas covered at minimal cost

- #bFR T FLZ TR A X 35

‘Fills in’ areas between boreholes

- MR R TT LA E

Should be planned to coincide with-berehote locations™

el

CARRAD |




‘ M2 KR

b 5

Geotechnical / geophysical investigations

fﬂ% i)ﬁ ﬁ T i’@;ﬁ%ﬁﬁm site investigations - geophysical
o FHHE 7 99 T sie scan sonar
- }i‘Zﬁﬁ DGP Siﬂ:.’/ffﬁ'g ﬁ I‘H!ﬁ ETOWM array with DGPS positioning
- %ﬁ@%?ﬂﬁ}% %UE%;% Provides information on bed profile
- E% %H/l\ % %Rﬁ*ﬂ jj I_'Fﬂ Identifies size and direction of sand waves
- MHFHE IR

AT
e A e

fy wrecks / anomalies

= T i AT ™
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Geotechnical / geophysical investigations

IR E — 3 5 H

On site investigations - geophysical

o« HUREAY

Magnetometer

- N FDGPSA B REAT HES)

Towed array with DGPS positioning

- RIEEEARYHIER

Provides information metallic anomalies

- M SRR Y

Used by archaeologists to identify wrecks/anomalies
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Geotechnical / geophysical investigations

fy_ﬂ,ii] i}ﬁ ﬁ - ﬂﬂ%ﬁEOn site investigations - geotechnical

® ?T}LBoreholes
- ﬁ%/ﬁﬁ%@ﬁﬁsmu and auger / rotary drilling

- T LIRS AR I =i OL [ IE T B — B AL IR B iR 5 &

K H BRI H T A& BB B

Grid pattern modified as required by local features - number of holes will depend on the purpose of the investigation and

the stage of the project.

- _‘EQ B(JY,?I_\{}E %30 - 40m Depths typically 30-40 m
- ] BT EE P 5 AL

Drilled from jack-up platform

— MR SEBRE DU AT R B

Flexibility through prompt reporting

- BURE A R Ya

Range of sampling/testing

IR

Description/logging

© ETIMZTIRIEUF

Undisturbed and disturbed sampling

« HEREFENIRA

Cone penetration testing

1 A

Rock coring.————"""
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Offshore Foundations

- RA

Types

o NIRRT

Influences on selection and design
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Offshore foundations to date
N WRIBAT B 8] :
hrE Date of 5igREE RA1E LR/ 52 ThEE 7K AR
Location Commissioning Distance from Shore (km) No of turbines Turbine type & rating Water depth (m) Foundation type
TR E K
Vindeby, Denmark 1991 1.56>3.0 11 Bonus 450 kW 25>5 Concrete gravity
PR
Lely, Netherlands 1994 1 4 Nedwind 500kW Steel monopile
Tuno Knob 1995 6 10 Vestas 500kW 3>5 Concrete gravity
Dronten, Netherlands 1997 0.4 28 Nordtank 600kW 5 Steel monopile
Bockstigen, Sweden 1998 4 5 Wind World 500kW 6 Steel monopile
Utgrunden, Sweden 2000 8>125 7 Enron Wind 1500kW 7.2>10 Steel monopile
Blyth, UK 2000 0.5 2 Vestas 1800 & 2000kW 7.5 Steel monopile
Middlegrunden,
Sweden 2000 2 20 Bonus 2000kW 2>5 Concrete gravity
Yttre Stengrund
Sweden 2001 6 5 Neg Micon 2000kW 9 Steel monopile
Horns Rev, Denmark 2001 17 80 Vestas 2000kW 6.5>13.5 Steel monopile
North Hoyle, UK 2003 7>8 30 Vestas 2000kW 10>15 Steel monopile
Nysted, DK 2004 12 72 Bonus 2.3MW 10 Concrete gravity
Arklow Bank, Ireland 2004 14 7 GE 3.6 MW 5>8.5 Steel monopile
Scroby Sands, UK 2004 2.5 30 Vestas 2MW 4>12 Steel monopile
Kentish Flats 2005 12 30 Vestas 3MW 5 Steel monopile
Barrow 2006 8 30 Vestas 3MW 20 Steel mon?ﬁe__
E———— ~— |
OWEZ 2006 _10:48—— 36 Vestas V90 22 Steelmon DH |
I = R ARRAD
__—-Beatrice 2007 25 2 REpower 5M 45 Quadro .
Burbo 2007 6 25 Siemens 3.6 8 Steel monopile
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Foundation types

FAAHE S

Monopile

EWAE:N

Gravity

2

Multi-pile

Suction

L RESEY

Floating
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Why are foundations important?

AP HEHB KK LE

Large proportion of capital costs

-0 5% AN o bl 2N

Maijor risk for cost and programme

Bl i XHLRA L

Installation of Offshore Surveying & Construction
Blectrical Systems Management Insurance
6% 4%

2%

Installation of Turbines and
Support Structures
9%

Jffshore Electrical Systems
9%
Turbines and ancillaries
51%

Support Structures

19%
(Foundations)
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Foundation types - Monopile

M % steel Tube
BE BHfR4.5—5m Typically 4.5 -5 m dia
EESO—(‘)OM Thickness 30 - 60 mm

S
FT N/ &5 FL Driven/drilled
o FE—LEEE M FE

Transition piece grouted to top of pile

Gutp'pevﬁﬂltreeiriasl

Trarsition piece
with toner flange —

Bradetsw hydralic V|
Jads
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Foundation types - Gravity

« PEE TR I I I

Steel or concrete

o KSEELAL ) DI IRPUBE I

Relies on weight of structure to resist overturning

.« R

Ballast may be required

« WRUESIFH ER

Seabed preparation essential

o XHERTR I LB AR

Can be susceptible to scour

o EMNTFIKERSIE

Better suited to shallower sites
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Foundation types - Multi-pile

- /NERMHE

Small diameter steel piles

« ERIE

Tubular steel superstructure

o IHFEEH RALIER

Grouted or swaged pile connections

« ERKEHIHX

Suitable for deeper water

« HErcsa N

No installations to date
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Foundation types - Suction

FE S

Steel skirt caisson structure

I SE AL N7

Penetrates into seabed under self weight

il A A K LA AR s

Trapped water pumped out to produce suction effect

CAH T LY & 2 A [E

In use as mooring anchors for offshore installations

H iU AL T I ATPEWT SR B

Feasibility stage at present for turbine foundations

TURBINE LOADS

WATER PUMPED
OUT TO CREATE
SUCTION

SEABED

CYLINDRICAL
— STEEL CAISSON
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Floating Foundations

GF Ak

Benefits:

o HI N TR IS HER E 5K

Expands potential to new sites & countries

> e RE. mHF. HE

Norway, USA, Spain, Japan...

o MEHEFETLE

wide choice of concepts

> KPE: 2 WA FrEWR

evidence: see variety of proposals

o BALEEHRRTAENE

Similar cost as bottom-mounted

> X B A AR SE

once concepts are proven

o TEEBMREDER EA LLBIKCH)#ME

greater flexibility of construction & installation procedures

o BB _ _

easier removal / decommissioning _____———— . ‘
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Design Drivers

"~ HALIF 5
gl

Torque
?&jj Other
Thrust a
H ]

Weight

——

Current

Operational
(incl Accidents)

RAHLEIHE T

turbine thrust

LR A A e

BAR (Eir LA LG HREREE); EA
JAI30)

Waves (loads and induced motion; natural periods)

Heave
z AN

Yaw

Yy db) X/

Sway “&
Pitch g4 Roll

*

Surge

‘, - -
,/ Direction of
o wave motion

GARRAD
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+"» . Worldwide Sites

Y BbT BE 25m

25m resolution
(source:NOAA)

% El USA
E] j—‘Japan
:”_/,IZkNorthern Europe

% IZ,KSouthern Europe

2

Bathymetry B
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Floating Foundations: 3 Classes of Concept

gﬁ %U%%‘ﬁAChieving Stability

1 . ﬁ%%?&%@Hymostatic (water piercing a\

2 . E:jj %@J—:ﬁMaSS (pendulum effect)

3 . 7,K —F%_H‘ ZIN ﬁMoorings (tensioned)
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Candidate Concepts: TLP

/NZ 3]
Low motion

RIAH A

Cost of moorings

2232 R ) PR e

Difficulty of Installation / removal

IU\

i /4%
11929

InOcean / Sway Norway

"
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Candidate Concepts: Spar Buoy

PN SIS ey B VA GSE-NIiL v § =)

Large mean and dynamic motion response (c.f. other concepts)

IRV P B T 1 A R P R

Shorter buoy would require a heave-suppression disc or firmer moorings

|

. I

MIT
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Candidate Concepts: Tri-Floater

T 22 FH JE AR 3G n [ A & 341
CANTT 98071 az B e Y. )

Damping-plates needed to increase natural periods (and hence
reduce motion response)

7K (<50m)

Shallow Waters (< 50m)

FAXFTLPICVE: /N T KB AE R T RieA

c.f. TLP: less risky but more expensive

WA A E>FEEER S

Turbine at corner
- heavier structure

VUFAR> S5 B B

4-Floater
- heavier structure

DRI JFWIND
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Foundation types - influences on choice

o JKIE

Water Depth

o TIEAEIR AT

Soil and bed conditions

N

Environmental loading

- BWITIR

Construction methodology

© A

Cost
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Influences - Water Depth

it 5 7K IR R 4 on 8178 B T e 1

Increased overturning with increased depth

o SCRPAH R XL 2 ERBUR RS54

Larger structures required to support same turbine

o ARG R Jn b s

More difficult working environment
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nfluences - Soil and Bed Conditions

22

Stratigraphy

at: L35

Soil strength

HRE

Level of rock head

R R

Bed mobility

- ERT%

Overall bed movement

- Sy

Local scour
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Influences - Environmental loading

AL X2,

Wind Loading from Turbine

 BIREEEM R

Wave Height and Period

BB

Breaking Wave Conditions

.« I E

Current Speed

.« VKEK

Ice

- WRELEYIMELEK

Marine Growth
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Influences - Construction methodology
5 P /YA R Tt

Fabrication/Shore Side Facilities

- AAIH R

Available Installation Equipment

S 2 S

Cend raliser

Seab &
Supppoi
Segnbenis

Transport of Foundations Inspection
Avslein
- R~F
Size _
_ EE‘ Hydra-Lok™ Swaged Connection
=c8
Weight

TR ) R

Foundation Connections

- RBIEE

Speed of Installation

- it S T2

Temporary propping required?

- wRMAEERF? |

Attendance required? ——-—
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Influences - Installation

ﬁf%'] Fﬁ B‘]ﬁ%%/ 'Léfr VR Available equipmentiresources
- T)ﬁi@/ %[5 #Y?% Jack-up/Floating barge
- TT*BE-&%PiIing equipment
- méﬁCable laying

® l_i_/l i‘m E %)‘J BE%ULOC&]I logistical restrictions
- ?ﬁ%/?ﬁjﬁi{: &‘%Harbouﬁshore side facilities
- 7,K‘r7/|_é/ ﬁﬂ ?& BE%UWater depth/ tidal restrictions

¢ ‘755“@ fﬁitl: H@% 'fq:Conditions of Statutory Consents
o SARRIPR fllweatner
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Influences - Cost

f‘EIJ 'ﬂE EEZlgFabrication
— JEBL B AR raw materal cost
- ’ﬁZﬁ o )gﬂ ﬁél&ﬁ:% [] Location - at port if possible
- Ei—ﬁiﬁ - %%’ﬁ: Rﬂ“/ E%Transpoﬂ - overall size/weight
- %U%%ﬁ%rm of fabrication

% % }&Z:Installation
- ﬁ?g%ﬁhm&ndance required
- M?% [ B@E%Transpoﬁ from port
- Y_JEEE% [3(] H‘T I‘E—lj [A] ﬁE‘. Bﬁﬂﬁéﬂme on site/potential for delay
¢ fﬁitF/A\ %Tolerance

= 22
¢ ?Q/:c I§] l:]Weather windows

ﬁ |§/% ﬁEjKDecommissioning
N@Risk__ ) ____________—--— e - ——-—._______‘

T '::_ e
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Foundation types - detailed design considerations

}XL*HW‘{E E@ éﬁ’% %ﬁ% Combined wind and wave loading
° ﬁ]jj%ﬂgf Dynamic loading

¢ ﬁ—% ( ﬁ‘ BEJ—U‘%*}? ) Fatigue (FE analysis)

° ;@E ( FE] ﬁﬁ%) Interaction with turbine (natural freq.)
o HEATT Faccess

o FEARIERE — JBLEE cavie connections -4 tubes

¢ @5 F[% ?ﬂ{%?}h Corrosion protection

¢ ‘{'13 E IJ f%ﬂh Scour protection

° m‘@iﬁ'rimnstructabimy

® EEZKCost

® jﬁ: I}/%Decommissioning

A




ﬁ

A

DE\iOverview

iR E

Site investigations

- EM

Why are they necessary?

o el AbEE

How do you do them?

A

Foundations
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Options

. MR S j
Influences on selection———— s e ‘- —
—— CARRAT >

HASSAN




	海床条件和基础�Seabed conditions and foundations
	概况Overview
	场址调查的必要性�The need for site investigations
	地质/地理学的调查�Geotechnical / geophysical investigations
	地质/地理学的调查�Geotechnical / geophysical investigations
	地质/地理学的调查�Geotechnical / geophysical investigations
	地质/地理学的调查�Geotechnical / geophysical investigations
	地质/地理学的调查�Geotechnical / geophysical investigations
	地质/地理学的调查�Geotechnical / geophysical investigations
	地质/地理学的调查�Geotechnical / geophysical investigations
	地质/地理学的调查�Geotechnical / geophysical investigations
	地质/地理学的调查�Geotechnical / geophysical investigations
	海上风机的基础选择�Offshore Foundations
	至今海上风机基础选择�Offshore foundations to date
	风机基础类型�Foundation types
	基础的重要性？�Why are foundations important?
	基础类型－单桩式�Foundation types - Monopile
	基础类型－重力式�Foundation types - Gravity
	基础类型－多桩式�Foundation types - Multi-pile
	基础类型－沉箱式�Foundation types - Suction
	漂浮式基础�Floating Foundations
	设计支配因素�Design Drivers
	全世界海上风机场址�Worldwide Sites
	漂浮式基础：3种概念类型�Floating Foundations: 3 Classes of Concept
	候选概念：TLP�Candidate Concepts: TLP
	候选概念：柱形浮筒�Candidate Concepts: Spar Buoy
	候选概念：三浮箱�Candidate Concepts: Tri-Floater
	对基础类型选型的影响�Foundation types - influences on choice
	水深的影响�Influences - Water Depth
	海底土壤和海床的影响�Influences - Soil and Bed Conditions
	环境载荷的影响�Influences - Environmental loading 
	建设方法的影响�Influences - Construction methodology
	安装的影响�Influences - Installation
	成本的影响�Influences - Cost
	基础类型－详细设计需注意事项�Foundation types - detailed design considerations
	回顾Overview

