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3.7.2-2
(

,2005) 30m
( 74%;2013 )  

3-4MW 45m 4.5m 300
60mm

(The Crown Estate,2010) 5MW

3.7.2-1

J 6m
( ) 25m  

 
 

 

 

J  
(



 

 

3.7.2-3

(2013)
3.6MW 2.5 3 5MW 3 3.5

 
 

 



 
1 (2010 2MW 7 3 5m

40 60m 2.3.2-2 ) (2010)
(2010) 3.7.2-4 1

3.7.2-2
9

 
 

 



 
  ) : :  

2009 4 10 7
 

 

 
 

1

( )  

( 3.7.2-5)
30 2

 
 



 

 

( 3.7.2-6)  
 

 

(2005)

SEP (3.7.2 (3) )  
( 3.7.2-7)

( 5.2 )
(



/ )
 

( )
( 10-40

/ ) ( 3.7.2-7)

 

( 3.7.2-8)
( )

 

 
 

 
: (Ballast Nedam,2011) 

: (PTC Fayat Group http://en.dmr.fayat.com/Job-reports/ 
PTC-vibrodrivers-technology-in-offshore-wind-farms) 



 
Lic Engineering:http://www.licengineering.dk/LIC?PDFs/Blyth_lowers.pdf 

 
1 3.7.2-9

3.5m 44mm 24.5m
3.8 4.2m 28mm 8.0m (

)  

DNV-
OS-J101(Design of Offshore Wind Turbine Structures,Oct.2007)

 
750t ( 100t)

500tf m ( -500) ( 3.7.2-10)  
 



 

 

( -500
) (

)( 3.7.2-11 3.7.2-12) ( )
1.5 1.2 0.6  

1500 (3-4 ) 1
5

2.5 3.0 ( 3.6MW) 3.0 3.5 ( 5MW) (
,2013) SEP

 
2 SEP (
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30m
EEW Special Pipe Construction GmbH( )

9m 60
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

http://a2seanews.editionmanager.com/
2013/11/11/size-matters/ 



 3.7.2-2  
(Drilled Monopile)  

 
 

 

 
 

(1)  
3.6MW  6.5m 50cm 61m 1,450t 
5.0MW  6.9m 70cm 64m 2,200t 

 
(2)  

( )

( 2
)

( ) ( )
 

 
(3)  

128  
3.6MW :500,000Euro/MW(6,750 /MW)/5.0MW :400,000Euro/MW(5,400
/MW) (135 /Euro) 

 

von der Veen et al.(2011) 



( )
( , )

( 3.7.2-13)  
 
 

 
:heavyliftspecialist com. : Ballast Nedam(2011) 

 
 

( 1
) ( )

( ) 2006 Egmond aan Zee

(
3.7.2-14) London Array DNV

 
1

( 3.7.2-15)
1/1000

( AZ) 1 6m3

40-18-20BB (
3.7.2-16)  

 



 

 

 

 

 

 

 

 

 

 
3 /  

 
 



(2005)
 

10cm  
5cm 
2  

( ) 1.5 ( 1 ) 
 

 

3.7.2-3  
 

2008 BARD 5MW
40m 99km 2012 2013 BARD 

Offshore - (400MW:5MW 80 )  
 



3.7.2-17
( , ) ( )

( ,2005)  
30m

14%(2013 )
(238 2 )  

 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.4coffshore.com/windfarms/gravity-based-support-structures-aid274.html 

 
5MW 3.7.2-3

(The Crown 
Estate,2010)  

 

 



3.7.2-18

(2013)
3.6MW 3 5.5 5MW 3.5 6  

 

 
NEDO

 
 

 
 

(PC: )
( 3.7.2-19)  



 

 
 

12m
(

) ( 3.7.2-20)  

 
(  

)  
 

 

 
 

3.7.2-4
(2011( 23) 3 11 )

2012 1

 
(2,300t: ) 
(5,400t: ) 

 
(1,300t: ) 
(3,500t: ) 

1.  
( 4,160t) 

2. ( ) 
: (1)  

( 2,750t) 



6 5.5 (
)  5

( 2012
8 18 2012 10 6 2013 1
29 3-2 )  

(2011( 23) 3 11 )
8 2

5 10  
 

( : , : ) 

 
 
 

 

3.7.2-5 3.7.2-6a,b  
2012( 24) 4 18

5 17 6 17 6
30 2 ( 2012 6 30
3-2 ) 7 28 (

8 9 2 )
8 ( 3.7.2-5)  

 



 
 
 

3.7.2-6a 3.7.2-6b
2012( 24) 7 9 9 8 2

10 1 (2013 ) 1
2 4 (

2013 3 23 2013 6 24 3-2 )  
3.7.2-6a ( )

 
 



 
 
 

 
  

1/28 2/14

1/28 3/25

2/5 2/6

2/4

2/19

2/28

3/11

3/19

2/5

3/9

3/6 3/12 3/17 3/23

3/19

4/4

4/44/5



(Ismael Ruiz de 
T.Alonso,2013)  

(
) ( 3.7.2-21) ( )

0.5m 10m  
 

 
 
 
 
 
 

http://www.c-power.be/construction 

 
( 3.7.2-22)

GPS

 
 
 
 
 
 
 
 
 

 
 
 

       http://www.c-power.be/construction 



(Filter layer) (Gravel layer) 0-63mm 10-
80mm (Thornton Bank)

2.2m 1.5m 0.7m
3 5cm

3 (Danish Energy Agency,2013)  
 

 
( ) 2011 ( 23

)2
3 (

) ( 3.7.2-23 3.7.2-24)  
 

( ) 5cm
4cm   

 
 

 
Site :2012 3 4 , 15.0%(6 /40 ) 

Site 2012 3 4 , 15.0%(6 /40 ) 



 
Site :2012 4 6 , 46.4%(39 /84 ) 

Site 2012 4 6 , 46.4%(39 /84 ) 

 
 

3.7.2-25

 
 

 

 
( ) 

0.3 0.06
1 0.6  

( ) 
0.3 0.13

0.3 0.13  
3.7.2-26  



 
Site :2012 4 16 5 17 , 75.0%(24 /32 ) 

Site  2012 7 24 9 8 , :41.3%(19 /46 ) 

 
 

 
Tunoe knob( :5MW 0.5MW 10 , 5m/1995 ) 

:14m   
:6.5-7.8m   
: 500t( : 1000t) 

 
 
 
 

  



Middelgrunden ( :40MW 2MW 20 , 4m/2000 ) 
:12.5m  :10m  

: 1500t( ) 
 
 
 
 
 
 
 

Lillgrund ( :110.4MW 2.3MW 48 , 4m/2007 ) 
:17m  :8.6m 

: 1200t( : 2500t) 
 
 
 
 
 
 
 

Thornton Bank ( :30MW 5MW 6 , 10.5m/2008 ) 
:23.5m :42m 

: 2700-3000t 
( ) 

 
 
 
 
 
 
 
 

3.4.5 21m 22m
5400t( ( ) 2300t) ( 3.4.5-5 )

Thornton Bank

Thornton Bank
 

 



3.7.2-27 Middelgrunden 3.7.2-
28 Lillgrund 7-8 49

(Mathis,2006)  
 
 
 
 
 
 
 
 
 

   
Middelgrunden 
http://www.ontario-
sea.org/Storage/29/2118_do1.pdf 

Lillgrund
http://corporate.vattenfall.se/globalassets/sverige/ver
ksamhet/vindkraft/lillgrund/technical_description_lill
grund_11336934.pdf

 
 

3.7.2-29
( )  

 

 
:http://www.gl-group.com/pdf/06_2009.05.12_Hamburg_Offshore_Wind_20009.pdf 
:http://www.skibstekniskselskab.dk/public/dokumenter/Skibsteknisk/Download%20 

materiale/2011/Offshore%20Wind%20Turbines/Kaj%20Lindvig%20A2SEA.pdf 

 
  



3.7.2-30
( 3.7.2-31)  

 
http://www.c-power.be/construction 

 

  
:Middelgrunden(http://www.ontario-sea.org/Storage/29/2118_doc1.pdf) 

              (Copenhagen Environment and Energy Office,2003) 
:Lillgrund(http://corporate.vattenfall.se/globalassets/sverige/verksamhet/ 
vindkraft/lillgrund/technical_description_lillgrund_11336934.pdf) 
(Vattenfall,2008) 

 
 

(FD)
( )

1600t
( 3.7.2-

32) 70km
36
 



  

 
Site :2012 6 28 6 29 , 36.0%(9 /25 ) 

Site 2012 7 9 7 10 , 36.0%(9 /25 ) 

 
 

( ) (
) ( 3700t)

( 3700t)
( 3.7.2-33)

2012 6 2012
10  

 
( ) 

0.3 -0.03
0.3 -0.02  

(  ) 
0.3 -0.07

0.3 -0.07  



 

 

:  
: ( ) 
:  
:  

Site :2012 6 15 6 17 ; 33.3%(1 /3 ) 
Site 2012 9 28 10 5 ; : 25.0%(2 /8 ) 

 

( 3.7.2-34)

( 3.7.2-35)  
 

 

 



 
http://www.c-power.be/construction 

 
 

 

 

1 Filter layer armour layer
2

44m 58m 48 5m 62 5m



 
( )

5400t( :3100t) ( 3.7.2-36)
( 3.7.2-37)  

 

 

Site :2012 7 , 30.0%(9 /30 ) 
Site 2012 7 , 30.0%(9 /30 ) 

 

 
Site :2012 7 , 39.4%(13 /33 ) 

Site 2012 7 , : 39.4%(13 /33 ) 

 



3-5cm (Ismael,2013)  
5cm ( : ) 

0.3 1 ( : ) 
 

0.82 3.3m ( : ) 
0.95 3.3m ( : ) 

0.3 1   
( : ) 

 
(2005)

 

20cm( 2000t) 30cm( 2000t) 
20cm( 2000t) 30cm( 2000t) 
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( ,2005)  
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4%(2013 )

 
 

 
 
 
 
 
 
 
 
 
 

 
 

http://www.4coffshore.com/windfarms/jacket-or-lattice-structures-aid271.html 

 
5MW 3.7.2-7

30m 800

(The Crown Estate,2010)  
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2

(2013) 3.6MW 4 6
5MW 4.5 6.5  

 
 

 

 

 
 

3.7.2-40 2006
( 45m) Beatrice (10MW;5MW 2

) 600
150 (MacLeny,2006)

( 2.1.2 )



3.7.2-8 5MW 40m
1000 1300 3

 
 

 

 
 

 
 

(
) 3.7.2-41

( ,2005)  
 
 
 
 
 



 
 
 
 
 
 
 
 
 

 
: http://renews.biz/44456/rwe-port-tailored-for-jacket-loading/ 
: http://www.windcomm.de/Downloads/Vortraege_Flyer_Infos/PresentationREpower.pdf 
: http://www.bing.com/images/search?q=jacket+offshore+wind&view=detailv2&&qpvt= 

jacket+offshore+wind&id=80821928260AFE5354A375A79F6EC86D5EB0FD76&selectedI
ndex=8&ccid=BwlT07vZ&simid=607994364093072983&thid=JN.d3oY238Y5Ld6dOsCTY
kl3A&ajaxhist=0 
: http://www.bing.com/images/search?q=jacket+offshore+wind&view=detailv2&&&id 

=98394F52E1A31D95FCC9898A7D4E7AB415BEE7AF&selectedIndex=392&ccid=nNMk
1XgL&simid=608047333920211621&thid=JN.R33%2f1C%2biuThzAnRuABLddg&ajaxhis
t=0 

 

(
,2005)  
 

SEP ( (3) )
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( 3.7.2-42

20%

( , )
( 3.7.2-42

 
2
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3.7.2-43a,b  
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2  

 
30cm 1 30cm 2 10cm 

15cm 
1/50 
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Nysted(165.6MW:2.3MW 72 ,2003 ) 

Kentish Flat(90MW:3MW 30 ,2006 ) 
Egmond aan Zee(108MW:3MW 36 ,2006 ) 



3.7.2-45

(SEP (3) )
3.7.2-9  

 

 

 

 
Horns Rev(160MW:MW 80 ,2002 ) Yttre 

Stengrund(10MW:2MW 5 ,2001 ) Thornton Bank (30MW:5MW
6 ,2008 ) 3.7.2-46 3.7.2-47
3.7.2-48  

 
 
 
 



 
:  

(Japan Ocean Development Constructio Association,2002; Garrad Hassan,2009) 

 

 

 
  

https://www.google.co.jp/search?q=yttre+stengrund+offshore+wind&biw=1536&bih=739&tbm=isc
h&tbo=u&source=univ&sa=X&ei=KWdJVbr6H-WxmAW-7oGABA&ved=0CFoQsAQ&dpr=1.25 

3



 

 

3.7.2-49 Vestas
2 1

3
Siemens(2.3MW) REpower(5.0MW) ( 3.7.2-50) 3.6MW Siemens

1 1 ( 3.7.2-
51)  
 
 

3



 

 

 

 

 

 
Mortensen et al.(2011)



( 3.7.2-52) 8-10m/s 15m/s
 

 

 

 

Beatrice(5MW ) ( 3.7.2-53)

 
 

 
http://sse.com/media/113127/AllBoards2010.pdf  

http://www.bing.com/images/search?q=Beatrice+offshorewind&view=detailv2&&qpvt= 
Beatrice+offshorewind&id=F3D10CB1EF6865E9AAE79480192923F205DAC0B2&selectedIn
dex=7&ccid=IqdfZ46R&simid=608041771940973553&thid=JN.UyyDACP3yIM2k00LTsS9Gg
&ajaxhist=0 



 

(7 )
3.7.2-54 SEP

5  
 

 

 
(10m/s ) 2 SEP

(650t) ( 3.7.2-55)
3.7.2-56 3.7.2-57

( ) 5mm (89mm )
( H/1000mm,H= , , )  

 



 

 

 

 

  SEP   2,3  
5,6  

 

 



 
2012 7 25 8 25 , 87.5%(28 /32 ) 

 
 

(10m/s , 8m/s )
2 SEP

(650t) 1-3 4
3 3.7.2-58

 
(1-4 ) (3 1 )

( 3.7.2-59 3.7.2-61) 3.7.2-62
1 (h) 4mm (hmax=d/1000, 

d: , ) 0mm  
 

 



 

 

 

 



 

 
2012 9 9 10 25 , 63.8%(30 /47 ) 

  

 



 

(2 (1) (2))
(1) (1)

(2) 2 ( 3.7.2-63)
 

 

 
(1) ( :3,700t) (2)

( :2,200t)
3.7.2-64 3.7.2-65  

 
 

2

1



 
 

 
(1)    
(2)     

 

 
(2) 2012 6 28 6 30 , 33.3%(1 /3 ) 

 
 

 

 



 

 
          
         5 ( 1/4 ) 

 
 

2 1 3
(3 1 ) ( 3.7.2-66a,b)

3.7.2-67  
 

 

 
 

 

 



 

No.1   No.2   No.3    

 
 

 
2013 2 28 3 28 , 51.7%(15 /29 ) 

 

 

 



 

 
 
 

 
 
 
  



1
2 ( 3.7.2-68)

1 450t
(SHL )  

1 2
3.7.2-69 3.7.2-70  
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( ) 

 

 

( ) 



(SEP:Self Elavating Platform)

SEP
50 SEP

( ) 7
4 ( 3.7.2-10)  

 
 

 
 
 

SEP
5 ( 3.7.2-11a,b)
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C  

 
 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  



 
 

D  
( ) ( )  

E  

 
 

 

 



SEP ( 3.7.2-12) (DP) 2013
SEP ROUND3 ( )

65m 2.5m  
 

 

 
SEP (2)

3 2  
5MW 3.7.2-9 200

3.7.2-13
 

 

 
 
 
 
 



SEP 3.7.2-71 3.7.2-76 3.7.2-76 2001
SEP

 
 

 

 

 

: ( ) :2012   
:48m×25m×4.2m  

:  
:  

:900t( CR) 
http://www.dai1-

: ( ) :1992   
:34m×20m×3.0m  

:  
:  

:400t( CR) 
http://www.dai1-

:Seajacks International( / )  
:2012  :81m×41m×7m  

:  
:2000m2 

:800t 
http://www.seajacks.com/product/seajacks-

:Fred Olsen Windcarrier( )  
:2012  :132m×39m×9m  

:  
:3250m2 

:800t 
http://www.windcarrier.com/brave-tern 



 

 

 

Workfox BV
2012 115m 50m 9 75m

3750m2

1200t
http://www.workfox.com/en/news/Press-

:A2SEA( ) :2012   
:132m×39m×5.3m  

:  
:3350m2 

:900t 
http://www.a2sea.com/fleet/sea-installer/ 

:A2SEA( ) :2001   
:91.76m×21.6m×4.25m  

:  
:1020m2 

:230t         
http://www.a2sea.com/fleet/sea-power/ 
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SEP
SEP

(sway surge yaw)  
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

: Japan Ocean Development Construction Association(2002) 
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3.7.2-14 3.7.2-79
3 (CV )

FRP (
)  

3.7.2-79
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(The Crown Estate,2010)  

 



 
 

 
 

 
3.7.2-80 ( ) (

) ( 72 245kV ) (Export cable)
( 24 72kV )

(Array cable)  
 



 

 
 

1 2
3.7.2-15

( ) 5 kW 10 kW
66kV 2 154kV 1
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6.6kV 3

 
 



3.7.2-81 1

The Crown Estate(2010) 500MW

 
(The Crown Estate,2010)  

300kW  
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DC  DC . 
  

  
 

 

 
http://www.bing.com/images/search?q=siemens%20offshore%20substation&qs=n&form=QBIRMH
&pq=siemens%20offshore%20substation&sc=0-18&sp=-1&sk=  
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( ) 2000 400MW ( ) 3000 1000MW ( ) 7000
( ,2010) 300MW
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Horns Rev2 (3.8.3
) (The Crown Estate,2010)  
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3.7.2-16
( )

(
) 30m

52%
18% 2 (

,2010)  

 

 
3.7. 2-17a,b

3 1  
 

  

 

 

( 3.7.2-52,
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30m

 

 

( 37.6%(77 /205 ) 2012 8 7 2013 1 27 ) 5m
22kV

( 109mm, 4.1km)
( 3.7.2-87)

SUS
 

 

 

 



( 3.7.2-88)
22kV 6.6kV

 

 

 
 

( 3.7.2-
89) 2012 5 26 7 6  

 

 

 

 
(  2,200t) 

 



 6.6kV
( 6 , 1.77km) ( ) ( 3.7.2-
90) 2012 8 1 9 10 15 25 21013 3 1 15

3  
 

 
:  
:  
:  
 : ( )  

 

1 2
40 60m

FEP ( 3.7.2-91) 22kV
( 2 ) (66kV

)  
 
 
 
 

 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
  

3 7 2 5 1

2014 1 8
2014 2 23

22kV 2014 10 6
2014 10 9

2014 10 17
2014 10 27

2014 10 27
2014 10 27

2014 10 27

2014 1 9
2014 6 3

2014 6 26
2014 7 18

2014 10 6

26 9 52m 2013 10 16
8 61m 2014 2 9 9 16m 2014 2 15

16 2014 9 25 17 2014 9 28 29 18
2014 10 6 18

19 2014 10 13 14



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3 7 2 5 2

1

PVC
2

SUS

SUS
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3 7 2 6

2014 6 10

2014 10 21 11 5
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3 7 2 7
I

e
c J a b

d

DNV 2014
45 2 5m 0 5m 30 2 0m 0 3m 45 1 2m 0 2m

The Crown Estate 2010
300mm

2m
J J J
J J

ROV
J

J

DNV 2014



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

3 7 2 8a

47 12 25
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22 V(33kV)
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128

127

 

 
  



3.7.3-1
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19 5 20 32

34 37 44

46 47 49

19 31 34
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3 JIS 14

4 14 18
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6

7

8
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