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Offshore wind turbine Wind energy generated

plants generate by the wind farm
medium-voltage AC turbines transformed to
power higher AC power at the

substation platform

HVDC platform
converts the alternating
current from several
substation platforms to
direct current for
transmission

@

Subsea cables, some
more than 100 km in
length, transport the
low-loss direct current
onto land

©

A converter station on
land transforms the
direct current back into
alternating current for
feeding into the
high-voltage grid and
for further transmission
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@ Under Construction

@ Installed

e U.S. Projects

0 20 40 60 80 100 120 140 160 180 200

Distance to Shore (km) Source: NREL 2015

zﬁ'ﬁ?ﬁ:ﬁ Global offshore wind projects as a function of water depth and distance to shore
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Siemens

MHI Vestas
ALSTOM (GE)

Senvion

Adwen
Ming Yang

Hitachi

6 MW (commercially installed), 7 MW commercial contract signed
8 MW (commercial contract signed)

6 MW (demo site under construction)

6.16 MW (commercial installation underway)

5 MW (commercial deployment)

6.5 MW 2-bladed downwind (one prototype contracted in EU)

5 MW downwind - prototype installed

l E‘I Source: FOWIND, Supply chain, port infrastructure and logistics study, 2016.
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» DNVGL-ST-0126 SUPPORT STRUCTURES FOR WIND TURBINES

®AERRE
= IEC 61400 Wind Turbine requirements
= 180 19901:2 Seismic Design
= DNV RP-(203 Fatigue Design of Structure
= API RP2A WSD Working Stress Design
= BN EN 12495 (athodic protection
= NACE SPO176, RP0104, Corrosion Control
= ... CIC
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And more
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Reference Title Reference Title
DNV/Rise Guidelines for Design of Wind Turbines AISC LRFD Manual of Steel Construction
DNV-RP-B401 Cathodic Protection Design APIRP 2N Recommended Practice for Planning. Designing. and Constructing Structures and
DNV-RP-C201 Buckling Strength of Plated Structures Pipelines for Arctic Conditions
DNV-RP-C202 Buckling Strength of Shells BS 7910 Guide on methods for assessing the acceptability of flaws in fusion welded structures
DNV-RP-C203 Fatigue %[I'ellg[il Analysis of Offshore Steel Structures BSH 7004 Standard Baugrunderkundung. Mindestenanforderungen fiir Griindungen von
DNV-RP-C205 Environmental Conditions and Environmental Loads Offshore-Windenergieanlagen.
DNV-RP-C207 Statistical Representation of Soil Data DIN 4131 Stdhlerne Amemmmragwerke
DNV-RP-H101 Risk Management in Marine and Subsea Operations DIN 4133 Schornsteine aus Stahl
Classification Notes 30.1 Buckling Strength Analysis EN10025-1 Hot rolled products of non-alloy structural stegls ‘ _
Classification Notes 30 4 Foundations EN10025-2 S}%loli ;ﬁ&:}(‘gggﬁucts of structural steels. Technical delivery conditions for non-alloy
ClaSS‘lﬁCﬂT?OH Notes fO‘G Snucmral Reliability Amum_ of Marine Structures EN10025-3 Hot rolled products of structural steels. Technical delivery conditions for normalized/
Classification Notes 30.7 Fatigue Assessments of Ship Structures normalized rolled weldable fine grain structural steels
IEC61400-3 Wind Turbines — Part 3: Design requirements for offshore wind turbines EN10025-4 Hot rolled products of structural steels. Technical delivery conditions for
IEC61400-22 Wind Turbines — Part 22: Conformity testing and certification of wind turbines thermomechanical rolled weldable fine grain structural steels
1S06934 Steel for the prestressing of concrete EN10025-6 Hot rolled products of structural steels. Technical delivery conditions for flat
1SO6935 Steel for the reinforcement of concrete products of high yield strength structural steels in the quenched and tempered
ISO 12944 Paints and varnishes — Corrosion protection of steel structures by protective paint condition .
systems EN 10204 Metallic products — types of inspection documents
ISO/IEC 17020 General criteria for the operation of various types of bodies performing inspections EN 10225 Weldable structural steels for fixed offshore structures — technical delivery conditions
ISO/TIEC 17025 General requirements for the competence of calibration and testing laboratories EN 12495 Corrosion Protection of Fixed Offshore Structures
1SO 19900:2002 Petroleum and natural gas industries — Offshore structures — General requirements for | | EN 13670-1 Exccution of Concrete Structures — Part 1: Common rules
offshore structures EN 1991-1-4 Eurocode 1: Actions on structures — Part 1-4: General actions — wind actions
ISO 19901-2 Seismic design procedures and criteria EN 1992-1-1 Eurocode 2: Design of Concrete Structures
1SO 19902 Petroleum and Natural Gas Industries — Fixed Steel Offshore Structures EN 1993-1-1 Eurocode 3: Design of Steel Structures, Part 1-1: General Rules and Rules for
ISO 19906 Petroleum and Natural Gas Industries — Arctic offshore structures Buildings
18O 22475-1 Geotechnical investigation and testing — Sampling methods and groundwater EN 1993-1-6 Eurocode 3: Design of Steel Structures, Part 1-6: General Rules — Supplementary
measurements — Part 1: Technical principles for execution Rules for the Shell Structures
ISO 20340 Paints and varnishes — Performance requirements for protective paint systems for EN 1997-1 Eurocode 7: Geotechnical Design — Part 1: General rules
offshore and related structures EN 1997-2 Eurocode 7: Geotechnical Design — Part 2: Ground investigation and testing
NACE RP0176 Corrosion Control of Steel Offshore Platforms Associated with Petroleum Production | |EN 1090-1 Execution of steel structures and aluminium structures — Part 1: Requirements for
NACE TPC Publication No. 3. The role of bacteria in corrosion of oil field equipment conformity assessment of structural components
NORSOK M-501 Surface preparation and protective coating ENV 1090-5 Execution of steel structures — Part 5: Supplementary rules for bridges
NORSOK N-003 Actions and Action Effects EN50308 Wind Turbines — Labour Safety
NORSOK N-004 Design of Steel Structures TIEC61400-1 Wind Turbines — Part 1: Design Requirements
NORSOK G-001 Marine Soil Investigations
NS 3473:2003 Prosjektering av betongkonstruksjoner. Beregnings- og konstruksjonsregler
NVN 11400-0 Wind turbines — Part 0: Criteria for type certification — Technical Criteria




PRI P
SINOTECH GERC

*3F

BT LR A

0-10 m 5-35m 20-30m 20-50 m 20-70 m 30-70 m >50m
+EAS | FEAR | BELE | sE—x | SUBEE | 2EEE | FEEE
—RRE | BRER | SR99 | EEER | HE 08 DOeRE | SR
EEAAL| ZEE | ZtE | EE B | RLES | BE A | OBEE
TR ABRE | HEBR | SER

st
1000-3000 600-700 1000-1200 900-1000 1200-1600 700-900 700-1200
I I I8 I I I I
fEZ e D cp D s 5 /0
(10%) (>75%) (<1%) (4%) (<5%) (0.1%)

£2% EWEA (2015), The European offshore wind industry - key trends and statistics 2014, Report. 5T &l -

17



wtal HEZZ A

SBAEI S Qﬁi\

- BERK y/ /
LR E (E%‘éép
SLRED

. B ERKAAR DM
L&A GUR S

= Partial saiety iactor method (DNV)

¢¢¢¢¢¢¢
N c

18



N

® J TR

n BECTRE R S AL A

TEE T LY R
*BMSHI

s RZFEHEFAMA

AR X1kt
* #) ¥ & I (FEED)

s WP EBRLPE
- om # 3 s aDesign Basis
E% . BT M EESRAT

¢¢¢¢¢¢¢
N c

BB

® o 3P 3t
» RERHwEH
® WILKI
s RERBEBRERL
SHBAY %
CEGLBL
s IRIEAGAEE AT HERE
¢ ERBH
» TR E
» XEPIRE

19



B3] (Design Basis)
N FEZBROLHBE AR
B: A5 BiRMmI N EAAMK
C: BRRHERIMNERY &
ERAE :

®FER W T B 12(Design AIM)

= Sustain loads liable to occur during all temporary, operating and damaged conditions if required
= ensure acceptable saiety of structure during the design life of the structure

= Inainiain acceptable saiety ior personnel and environment

= have adequate durability against deterioration during the design liie of the structure.

@ 22 % g (Saiety (lass)
,ﬁ £ € 2 % 34K iz (Design Condition)

¢¢¢¢¢¢¢
SINO
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KEFN
4 Low saiety class
= 10w risk for personal injuries and pollution,

= low risk ior economical consequences,
= negligible risk to human liie.

4% Normal saiety class
= Some Iisk for personal injuries, pollution
= Ininor societal losses
= Dossibility of significant economic consequences.

4 High safety class
= large possibilities ior personal Injuries or fatalities ior significant pollution
= Imajor societal losses,
— = Very large economic consequences.

—F& Requirement: annual probability oi failure oi 10-%. ior Normal $.(.
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Limit States

< UL (Ultimate Limit States)
= Maximum load carrying resistance

« FLS (Fatigue Limit Sates)
= Failure due to the effect of cyclic loading

4 ALY (Accidental Limit States)
= Maximum load carrying capacity for accidental loads
= Post accidental integrity for damaged structure

@ LN (Serviceability Limit States)
= Tolerance criteria applicable to normal use

N

—
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Table Bl Basis for selection of characteristic loads and load effects for operational design conditions
Limir states — operational desien conditions

N

T
L/

Load category ULS FLS . — SLS
Intact structure | Damaged structure
Permanent (&) Expected value
Vanable () Specified value
Emronmental 98% quantle mn Expected | Mot apphcable | Load or load effect specified value
(E) dismbution of load hastory with retirn penod
annuzl maxmmum | or expected not less than 1 vear

load or load effect | load effect
(Load or load effect hastory
with return penod 30

Vears)

Accidental (A) Specified value
Abpommal wind Specified value
turbine loads
Deformation (D) Expected extreme value

« Permanent: € € - HRKBAANDFER ) - TROHREIBREGE
@ Varable:A g - H ¥ - s 8 - %% - UHEE REBNFTEHE
< Environmental: & »H ~ £ R ~ K - ¥ J.-: BTt KEF
[=0& Accidental:s& % - 18 - K€« RO - B EHMEE
|—‘I<r> Deformation::& & -~ F& H ~ %@%ma%
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‘Accidental lﬂﬂ Example

Ship impact analysis. . Ship Impact %\‘ 3 5
— » Dropped Obiject elle = = IF - o
e « Blast Analysis SRR —
PHERIPD
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B35 i (Environmental Load)

" Wind Turbine Load(s # & & 12 2, E200)
<« Hydrodynamic Load(-k % ¢2 45 45 3) & X % & 75 €,E300)
@ % & 7 (Wave scatter diagram, Morison’s Eq., E400)
¢ KEHFEEN) @EMREEE
* 37 7)(£600)
® 30, & 7)(E700)

& &% £ (E800)
@ M aa(Scour,E900) 2 B% v 4 L 3%

%@ BL ~ B EHAL EEI000)

¢¢¢¢¢¢¢
EEEEEEEEEEEE
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Aerodynamic loads

Seismic loads 1

Hydrodynamic Loads

Soil Structure
Interaction

_1, Bladeand
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Tower

L, Foundatio
Dynamics

26



JEJ1EHR

S ABREABRZERDIT)E
HEGERMEGE :

« BBHE

BREEABRAEEIERLD

» BlizfgE
cRAERRBERNEARERZ

CERDOBERAELAORDGERERYD

CHOGEEEKIFEME -
o Bedg s & .S s H K 2 (Corlolis Force)
+ & ep(Yawing)i& sy &9 pe 9% /2 (Gyroscopic forces)
= o RUIF AT & 4 69 %) &) 2 (Barking force)
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¢ %%ﬁﬁwa’a‘l&fé EER - BB ITE
FHBRHTFE
= BE z:i/@(Tower shadow) £ 4 6938 % ¥ #

= AR E(Wake ellech¥ 555 s & £ 69 BLUAE #7 ML (IEC61400-1,
Annex D.)
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Von Karman
Wind Spect Harris
n pectrum Kaimal
| —

User Defined

Dynamic
Response of =~ weag
Structure L/ Pierson-Moskowitz

JONSWAP
Ochi-Hubble :

User dned

—
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Scouring Protection

Horseshoe and Wake Vortices arcund a Cyindrical Element

Surface Wakes
A~

&

—+ Horseshoe Vortex
---+= Wake Vortex
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Load, Load Effect and Design Resistance

N
\J

4 Partial Salety Factor

Combination oh ke me
Z(LoadFactor x Load ) = LoadEffect < arac_terlstlc esistance
Resistance Factor
Analysis
4 Load Factor=1.0 for FlS ALY, LY
«# Load Factor for ULS
Table Al Load factors ) for the ULS
Load N Load categories
fa;:?r Limit state G 0 £ D
(a) ULS 1.25 1.25 1.0 1.0
(b) |ULS W w 135 1.0
(c) ULS for abnormal wind load cases W W 1.1 1.0

Load categories are:

G = permanent load

Q = variable functional load. normally relevant only for design against ship impacts and for local design of platforms
E = environmental load

D = deformation load.

PERBIPD | For description of load categories. see Sec.4.

SINOTECH GERC

For values of y see items 103 and 104.
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yoil Investigation

" & Geological StudiesGe g & #+ 55 47)
= (entral Geological Survey, MOEA database

4 (eophysical sSurvey(Ge.:( 4932 %)
= Underwater Seismic Reflection Method
+ Sub hottom strata

= Side Scan Sonar system
+ Water depth and sea-bed DEM

= (reomagnetic Measurement
+ Foreign objects

@ Geotechnical soil investigation(x st L #2 33 &)
=1 . Marine CPT and Coring
w== = Borehole Drilling

N
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Pressuremeter Test

# Objective: Obiain p-y curve parameters for Pile Design

N

' M Elastmeter Sonde Diagram

M Elast Logger-2

W Sample Output l
A I\
| — , -
; TR T B
I 5; Tules o e e e : L . Rubber Tube ! m Caliper Arm
DEtRIdD M Elastmeter Sonde
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_-Pressuremeter Laterall oaded Pile
N | ’ Limit of observable
‘\ \\ I ’ displacement
AN
P \
' \
\
|<—— Lateral Force
I

/
/ Displacement at
depth

‘——’

~—”

Figure 2.12 Displacements in soil radially expanding PMT and laterally loaded pile

PMT 7 [ figZ FiR B (R 1= HEFE 2 T A
(Robertson et al, 1986)

The advantages of using the PMT to obtain p—v curves can be summarized as follows:

1) The PMT p—y curve is obtained point-by-point in-situ.
2) The PMT test can be performed in almost all soils and soft rock.

3) The method of installation of the driven pile 1s similar to the method of
installation of the PMT.

4) The type of lateral loading can be simulated during the PMT test,
including long-term sustained loads, cyclic loads and the rate of loading
effect.
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If not me, Who?
If not now, When?
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https://www.youtube.com/watch?v=9WX9Hw6JFrA

