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Abstract

Recently, construction sites of offshore wind power tend to move from shallow water to deep water. From this tendency, the
research on the support structure of offshore wind power in deep water will be a key issue. In this study, precast concrete block and
suction pile are applied to existing jacket structure. In order to reduce the vibration of this structure, the tuned liquid damper is also
applied in the precast concrete block. The applicability of the suggested jacket structure is evaluated by finite element analysis. And

the vibration tends to decrease about 5%, when the tuned liquid damper is applied.

Keywords : offshore wind turbine, substructure, jacket structure, suction pile, turned liquid damper
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Table 1 Properties of materials and dimension for
jacket structure

Location Item Material Dimension

CAN ®1076x30t

Jacket LEG ®1042x13t

BRACE SM490 ®503x14t

Jacket Pile PILE ©914x30t
Deck Frame | H-BEAM H-1000x500%25%40

Suction Pile PILE STK490 4000x30t

shirEER, WdTEEe F4E Fig. 1d Uil
T Tz e @HSA 3 AHAAS Table 190
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Fig. 2 Geometries of jacket structure
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Precast Concrete Block ¥ Suction pile2 283+ Jacket 7Z2=9 &A% &3 H7}

(a) Type A : Steel deck,
Skirt pile(4 floor bracing)

(b) Type B : Steel deck,
Suction pile(4 floor bracing)

(c) Type C : P.C.B deck,
Suction pile(3 floor bracing)

(d) Type D : P.C.B deck,
P.C.B. + Suction pile
(3 floor bracing)

Fig. 6 Structural models
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Table 2 Physical parameters of ground

Sandy soil
Saturated unit weight ~,(kN/m?) 19.61
Submerged unit weight + (kN/m?) 9.512
Friction angle ¢’ 30
N-value 25
Cohesion ¢(kN/m?) 0
1
R t\» \% ok
ozl | 4kl
i 0
Bottom| frictional force:pf P.C.B Bottom frictional force of P.C.B
— — 7N
Seebed
Side skin frictional force
Active — Passive
earth pressure, \ earth pressure

Bottom frictional force of suction pile

Fig. 7 Loads applied to suction pile

Table 3 Load values applied to the suction pile

Load Calculated value

Active earth pressure(p,) 6.35kN/m>
Passive earth pressure(P,,) 57.08kN/m?
i . (P,) 292.93kN/m?
Horizontal hydraulic >
(P,) 323.23kN/m”
Ground side friction(P,,) 0~6.92kN/m”

The bottom friction(P,) 6.92kN/m
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Table 4 Results of structure analysis

Max. Horizontal | Max. Stress of | Max. Stress of
Type Displacement Leg Bracing
(mm) (MPa) (MPa)
A 32.9 -108.2 -79.8
B 124.2 -127.8 -81.4
C 133.2 -136.5 -88.7
D 16.7 -102.8 -86.5

(c) Type C

(d) Type D

Fig. 8 The max. stress of each structure model
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Table 5 Design value of TLD

h(m) h/L H Sa

0.7 0.1 0.017 0.0025
1.05 0.15 0.026 0.0017
1.47 0.2 0.035 0.0013
2.1 0.3 0.052 0.0009




AL Fig. 9¢ll, ArtelolZ] AAFE Table 5ol WA AT

4.2 24 335

WRIAAA] AL oz o] AN E S A als
oh Azl @e dEe A, A= wt A
Level 12 Level 22 #5738t Ztzte] 7| 2 UZ14A
£ AABES ota slok, 1elv & 3 A3 54
gat7] 571 il A HEA 3
v QIFAXIBE Adsteiof gt o]3l

‘Add/Modify/Show Time History Functions
Function Mame Time Function Data Type
& Normalized Accel, ¢ Acceleration ¢ Force ¢ Moment ¢ Mormal
Sealing Gravity Graph Options
Impart Earthquake ~ ] [~ R-avis log scale
i B mm/sect || [ Vo log ccale
Time | Funcion | = | ¢ Maximum Yalue [0 FFT
(sec) @ |@ m
1| 00200 0.0052 e
2| 00400 0.0042 | J ‘ |
3] 00800 0.0032 o.zn ]
4| 00800 0.0023 F—
5| 0.1000 0.0017 i
6] 01200 0.0045 A
I L
7| 01400 0.0073 H
8| 01600 0.0071 = Uil
9] 01800 0.0047
10| 02000 0.0022
1] 02200 -0.0003 o
12| 02400 0.0048
13| 02600 0.0100 s a3 a0
14] 02800 0.0143| - Tize (sec)
Deseription [1940. ET Ceniro Site. 270 Deg
Generate Earthquake fiesponse Spectrum... | Cancel | _Apply
(a) El Centro earthquake
Add/Modify/Show Time History Functions =
Function Narne Time Function Data Type
& Normalized Accel, ¢ Acceleration ¢ Force ¢ Mament ¢ Normal

Scaling Gravity Graph Options

Import Earthquake & ScaleFactar [T - [ s-axis log scale

MM/Sec? || [~ Y-ayis lng scale

Time Function | = | & Maximum Value [T

(sec) (@) K] I~ FFET
1] 0.0200 0.0000 T

0.12
2| 0.0400 0.0000
3| 00600 0.0000
0.08
4| o.0800 0.0000 -
5| 0.1000 0.0000 z 0,03
6| 0.1200 0.0000
= et -
7| 01400 0.0000 5 002
8| 01600 00000 5
9| 01800 0.0000 T I
10| 0.2000 0.0000 =
11| 02200 0.0000 o8
12| 0.2400 -0.0002 .
13| 0.2600 -0.0002 o 5 1 15 20 25 s a s s e o
14| 02800 00003 - Time (sec)
Description |
Generate Earthquake Response Spectrum... | Cancel | Apply

(b) Ofunato earthquake

Add/Modify/Show Time History Functions ==
Function Name Time Funetion Data Type
@ Hormalized Accel, © Accelerston  Force ¢ Moment ¢ Normal
Scaling Gravity Graph Options
Import Earthquake 5 - [~ ¥-asis log scale
@ Soalo Facor [ 906 mm/sec? || [~ Y-axis log scale
Time | Funcion | + | Maximum Value [0
(sec) [T I IR

1| 00000 0.0037

2| 00825 0.0047

3| 01250 0.0056

2| otsis 0.0085 -

5| 02500 00077 5 o.e |

5| 03128 0.0080 = N l . A A A,

7| 03150 0.0033 ] M [ ’ \ h’ Y b—

5| 04375 0.0006 2

9] 05000 0.0030 = ¥
10| os625 0.0020 L I v
11] 06250 0.0028
2| ose7s 0.0058 ora
13] 07500 0.0165 [P A
14| sz 0.0035 | ~ Tire (sec)

Deseription |

Cancel | Apply

Generate Earthquake Respanse Spectrum,,, |

(¢) Hachinohe earthquake

Fig. 10 Types of earthquake wave

ol « A - TR A - v e

1

of

178 A1%137F Ofunato @571 A1%13F 2 Hachinohe
AZ1stolt}, BSA ] B4 wjite] F= x| Lo
PRl & A5 2 ARE 3 9ot -elukete] ut Bl of
Aol WAAEA EFA(2005)dME AFA RISl a7

=N e
i

% oo R
L
O\l

7] BA4E JeER= dhdll tidlA Ofunato AR9E, B
7] E4% JellE= o didix+ Hachinohed= A48l

Fsla 9dtk. webd Ofunatorl9d HachinoheAl oA
= e st sk s 7E Axle] 54
< Hddtin & ¢ Sl B dFddMe FxqAE4719
35S fa AHES 7ileks o2 MIDASO W=l 3
g3to] A% El Centro site AZ13}
Ofunato ©7] ¥ Hachinohe #F7] XA S AME-35HY

o Fig. 10 #-&¥ AxI3= 242t Yehhodot

i
o
o
of
\11

)
ﬁ

c

4.8 5“/“ 3]

A ZskEe] et Jacket FEREQ A BEFL 3.1004
Al blel 2ok 71 ZAERS AMHER Jpyeta R4
= AABIGT SR ARA 2 wE gidTREY] 33
4 AARA ED 2 Fig. 110 Yehliieh, o714 AHEE A
Hko] AWHEAX] 9 AR 2L 3-8 T AHEsIATT
Fig. 3(b) % (c of Yepd ukel Zo] TLD 7|52 A%
P.C.B. o] #&¥t}.

(b) Suction pile

(a) Skirt pile

Fig. 11 Structure model by boundary condition

4.4 AR 2 e FEIANA Az

it

SRR 2] Skirt pile?] %<9 TLD f5l w2
7t A7kl tigk T.P.(Transition Piece)olA<] WS
Table 6 UeRHRIT. 8HFA1A 727} Suction piles!
%9 TLD 7ol whe 7 Axlatzoel gt T.P.olA <]
HHL]E Table 7] YeRAATE

¥ oﬁm

FHAFESE =28 H28H H42(2015.8) 381

e



Precast Concrete Block ¥ Suction pile&

Table 6 Displacement of T.P.(Skirt pile, units:mm)

283 Jacket T

El Centro Ofunato Hachinohe
No No No
Displ. TLD TLD TLD TLD TLD TLD

Max 97.1 924 | 20.2 | 204 | 38.9 | 40.4

Min -90.4 | -89.5 | -23.5 | -25.1 | -47.7 | -43.5

Range | 187.5 | 181.9 | 43.7 | 45.5 | 86.6 | 83.9

Table 7 Displacement of T.P.(Suction pile, units:mm)

El Centro Ofunato Hachinohe
No No No
Displ. TLD TLD TLD TLD TLD TLD

Max 47.4 | 41.6 18.3 15.0 | 36.5 | 37.8

Min -43.6 | -40.2 | -18.2 | -19.6 | -46.2 | -41.7

Range 91.1 81.7 36.5 34.7 82.7 79.6
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Fig. 12 Displacement by each earthquake
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Fig. 13 Max.&Min. stress by each earthquake
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