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ABSTRACT

Since wind is affluence everywhere and s@e&imanent, imd power is one of theprising renewable
energywhich is expected to replace fossil fuiglost of wind powerplants were built on the ground, howev
due to noise problem and lack of high wind site idea of building wind turbine on offshore has o&@mce(
ocean generally have more high wind speed but less people living by, offshore wind turbine is replacii
tional onshore wind turbines. In retedays, challenge to build offshore wind turbine in deeper ocean
voked development ofloating platforms Floating platforms can be categorized into 3 by its mechanis
generating restoring forceTension Leg Platform(TLP), barge platform, Sparfolem.

In this study, a new concept of floating wind turbine using wheel structure is sugge@gtading
symmetric wheel structuregw floating wind platform can reduce tension in its tendon, and get better dy
ic performance. Environmental loads folladverare being calculated followed by recommended rule of D
Buckling analysis of platform was being performetiuctural analysisn spoke and wheel design has be
made with proper design recommended rule in order to survive in extreme weather condition

Dynamic analysis has been performed using FAST simulation code from NR#fihfal Renewable
Energy Laboratory Dynamic analysis results have been compared with MIT/NREL TLP model and
model. Simple economic analysis between suggested model, MIT/NRBLmodel and TLB model hav

been performed. Pros. and cons. of each models had been analyzed.

Keywords:Tension leg platform, Floating wind turbine, Wheel structure, Preliminary design, Structura

ysis, Stress assessment
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Figure 2-1 Global cumulative installed wind capacity 1997~2014 [GWEC]
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Figure 2-3 Top 10 countries with wind power cumulative capacity [GWEC]
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Figure 2-8 Land-based offshore wind turbine platforms [EWEA]

Figure 2-9 Sheringham Shoal Offshore Wind Farm [Statoil]
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Figure 2-10 Floating wind turbine platform concepts [EWEA]
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Figure 2-11 Restoring force mechanism of floating wind turbine platforms

Pontoon type Heel angle

, Spar type

TLP Spar Pontoon

Table 2-1 Comparison of various types of floating platform
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Xl =
A

239

=
4 H[ZA

@
Figure 3-1 Assumed installation site

Water Depth 150m
Annual 10min average wind speed at 80m 7.6m/s
Annual 1hour average wind speed at 80m 7.226m/s
Wind shear component 0.112
Significant wave height at normal con  dition 1.11m
Peak period at normal condition 5.57s
Significant wave height at extreme condition 7.86m
Peak period at extreme condition 14.8s

Table 3-1 Installation site environment condition
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3.3

. IEC
61400-1 IEC 61400 -3

, IEC

. DNV-0S-J103

safety factor DNV - OS- J103

A AE )

*RNA: Rotor-Nacelle Assembly

¥
AtOIE E4 A M A (IEC 61400-1,
EZEHA SHHYE S5 7%
¥
yg SHHES |
et HAZH EE
1
¥
= XXFZ=E 24 RNA 2 A n
T T
¥

EASE 2
A0l &

|

Figure 3-2 Design process of floating platform
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3.4

NREL 5MW  wind
turbine . NREL 5MW wind turbine [4]
[3]
Rating power 5MW
Cut- in, Rated, Cut - out 3m/s, 11.5m/s, 25m/s
wind speed
Cut- in, Rated rotor s peed 6.9rpm, 11.8rpm
Tower height 87.6m
Rotor dimeter 126m
Rotor 110,000kg
Mass Nacelle 240,000kg
Tower 347,460kg
Overall center of mass (-0.2m, 0.0m, 64.0m)

Table 3-2 Property of NREL 5MW wind turbine [5]

L. o

Figure 3-3 NREL 5MW wind turbine [5]
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3.5

150m
. Myhr[6] 2014
150m TLP type
. TLP type
TLP type
€/MWh LCOE - Water Depth
195
190 4;» —;— r
7
= / —T|B B
1o / /' —TLB X3
1 /’ / e Hywind
170 -~ WindFloat
165 =|= %—é SWAY
160 '/ e ——— :',I T LWT
155 | Monaopile
150 // ket
145 1
140
0 50 100 150 200 250 300 350 400 450 500 m

Figure 3-4 Levelized cost of energy respect to water deti

TLP type
parameter . water plane area
waterplane area
, TLP type
Fairlead dista nce
dynamic load
fairlead distance . fairlead

distance spoke
TLP type support wire , yawing buckli ng
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Spoke
Width
— K=

Draft| | Diameter | |Height Sup_p ort
Spoke 4 ™~ Wires
Height
J

/T

1 \
Spoke Length Fairlead Distance

\/

Figure 3-5 Typical structure of offshore wind TLP

Tethers

fairlead distance

fairlead distance NREL TLP model 18m 35m
wheel leg Tension
Leg Wheel(TLW)

Figure 3-6 Initial Design of Tension Leg Wheel platform
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Figure 3-7 NREL 5MW wind turbine with initial design Tension Leg Wheéplatform

TLP 4
TLP

anchor anchor

TLP

yaw, surge, sway motion
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4.1
IEC 61400 - 3 : Wind Turbines _ Part Il : Design Requirements for O  ffshore Wind
Turbines .
IEC 61400 -
3 L
411
(No- slip condition) 0
wave area '
Morrison equation
. IEC 61400-1 ,
50 10 54m/s
0.112 Figure 4-1

Morison equation
V(2) =Viun(2/ Z4)°
V(2): z
V,p: Hub
Z,,,- Hub

a:
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C  R———

]-' — - = i —
Zhub
4
Steady State Normal Wind Condition Extreme Wind Condition
Figure 4-1 Load caused by wind on wind tower
rotor Aerodynamic
NREL 5MW wind
turbine thrust
NREL 5MW wind turbine rated speed 11.4m/s pitch
control rotor [4].
blade
5,000
Rated Speed
— Rotor Thrust, kN
4,000 Rotor Torque, kNm
3,000
2,000
1,000 7
. E=

3 4 5 6 7 8 9 10 11 12 13 14 15 16
Wind Speed, m/s

Figure 4-2 Steady state response of NREL 5MW wind turbine as a function of wind spegy
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Pitch Control

Figure 4-3 Pitch control of wind turbine

pitch control 4100kN
Cut- out speed 25m/s pitch control
pitch angle rotor
, dominant
30m 30m
wind turbine
tower
Normal Extreme
Thrust[MN ] 0.8 0.8377
Moment[ MNm] 94.88 68.61
Table 4-1 Load on tower by wind
4.1.2
IEC 61400 -3 , (Normal Wave Condition),
(Severe Wave Condition) 50

(Extreme Wave Condition)

.IEC
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IEC 61400 -3

Pierson - Moskow itz spectrum

JOHNSWAP spectrum
. JOHNSWAP specturm

Pierson - Moskowitz spectrum

Pierson - Moskowitz ~ spectrum
JOHNSWAP spectrum

25 T T T T
gll
& |
2 J t
3 onswap spectrum
=
z 1.5} 4
[ak]
=]
=
o
uk}
Y
o r Fiersan-Moskowitz spectrum T
g
=
i)
o
T
E DE B
=
|:| 1 1 1
a 05 1 1.5 2 245

Dimensionless frequency (fp)

Figure 4-4 Two Wave spectrumswith same significant wave height and peak period

o

a
SPM(f):O.3125-|§prf'5exp$ 1.2

I cmo:h
-O: OO

fo
¢ f
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S, JOHNSWAP spectrum

g:
C:
Airy Linear wave
theory . sine ,
Stokes 5th order wave theory ,
surface elevation
real wave
- [~ = cosine wave -
N\ i
\ 29 \/ /
O A\ \ I/ Lo
\ 4 / <
\\// \\y/
Figure 4-5 Difference between real wave and cosine wave
c.
J =- Ea D, coshjk(z+h) sin jg
=

C=L/T

g =wut- kx

D, = /A1+/3A13+/5A15

D2 :/2A22+/4A24

D3 :/3%3+/5A35

D4 = /4A44

D, = /SASs

. DNV - RP- C205:
Environmental Conditions and Environmental Loads 3
3
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s Wave amplitude time history for fixed position
A 1 I 1 1 I

Surface Wave amplitude(m)

15 1 | 1 I} L
0 2000 4000 6000 8000 10000
Time(sec)
Wave velocity in y-dir.
0.5 I I T I 1
0.4 3

Wave acceleration(m/sec)

0.4 -
05 I 1 1 1 1
0 2000 4000 6000 8000 10000
Time(sec)
Wave acceleration in y-dir.

0.2 1 1 1 1 1
0.15

0.1

o
=]
0

Wave velocity(m/secz)
o

02 1 1 L 1 1
0 2000 4000 6000 8000 10000

Time(sec)

Figure 4-6 Wave simulation result for normal condition
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o Wave amplitude time history for fixed position
| 1 1 I

& =) o
T
| | |

Surface Wave amplitude(m)

'

-

(=}
T
|

15 L L 1 | 1
0 2000 4000 6000 8000 10000

Time(sec)

Wave velocity in y-dir.
I

-
L

Wave velocity(m/s)
o
L

'
-
1

Wave acceleration(m/sz)
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-3 1 1 | 1 |
0 2000 4000 6000 8000 10000
Time(sec)
Wave acceleration in y-dir.
I I I 1 I
0.2 _
0.1
0
0.1
0.2 ]
03 | 1 | 1 |
0 2000 4000 6000 8000 10000
Time(sec)

Figure 4-7 Wave simulation result for extreme colition
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4.1.3

. IEC 61400 - 3

Figure 4-8 Ekman transport

Usyrrent(Z) = Uyge T Uning

Uige = Uig X+ 2/0)%7, 2¢O

Uging = Uninao@+2/1), -, ¢2¢0

Ujigen -
uwindo: (: OONO)

-26-



Normal Condition  Extreme Condition
g9 1.0 3.6
Usaverma M/ S] 0.4146 2.0399
Uidermax M/ 8] 0.8502 0.2555
Current
Uin [ M/ 8] 0.0588 1.3804
Uotatmax M/ 8] 1.3237 3.867
Hoavera M/ 8] 0.131 0.2955
Table 4-2 Wave speed and acceleration on surface
4
Goda equation,
Morison equation,
Goda- Morison equation [7] ,
Hudson equation Brebner - Donelly equation
(L
(D) (D/L<0.2) Morison equation
Morrison equation
150 m 120m
20m (D/L=0.16 ).
Morrison equation
3

Morrison equation

[81[9]-

F(2) = %CD r D|u(2)| u(z) +C,, r Ae(z)
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Cp= Cpg *» ¥

2
Cy,
0.65
2944 < logy(A)
DS 20
1.05

(C.—1—2(K,—0.75)
C.—1

Y=1C +0.1(K,—12)
2.1222—0.6263810g( )

C.=1.50—0.024 » (i—w)

. Keulegan - Capenter Ko K.=uT,/D

[11].

Figure 4-8
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M \max{2.0—0.044(K,—3). 1.6— (Cpg—0.65)} (K, >3)

(A <10 %)
(107 < A <107?)
(1072 < A)
(K, < 0.75)

(0.75 < K, < 2)
(2< K, <12)

(12 < K,)

K =5310°[m]
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Maximum Stress Line

Normal Extreme

Thrust{MN] 2.081 5.557
Momen t{MNm] 32.42 81.69
Table 4-3 Load by wave and current
4.1.4
rotor, blade, nacelle
NREL 5MW wind turbine
Rotor[MN] 1.78
Weight by Nacelle [MN] 2.352
Tower [MN] 3.405
Weight [MN] 6.835
Total
Moment[ MNm] -0.80344
Table 4-4 Weight and moment of towerby gravity
4.1.5
TLP type

draft
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4.2

P
D
HSWL
7@ A
#aT __
MSL — B
LAT _--_-_-_-_-§<
C
cb___ 14\ 1
LSWL Y
N N E
Figure 4-10 Water level change by tide
3 [3]. Dh, Dh
" HAT 2.578m
Normal condition
LAT 0.000n
Dh, 0.776m
” Dh, -0.074m
Extreme condition
HSWL 3.354m
LSWL -0.074m

Table 4-5 Tide condition

, dimension

, (API)
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10225/S355 . EN 10225/S355
20
S355ML 7850kg/m"3, 355MPa, 190GPa

Mechanical properties

S355G10+M
Thickness t Yield R TensileR R /R CVN El
eh m eh m

mm MPa (min.) MPa - -40 °C %

t< 16 355 max. 0,93
16< t< 25 355
SR G 345 470-630 =0/ 22

max. 0,90 transverse
40< t< 63 335
63 < t< 100 325
Figure 4-11 Property of EN 10225/S355
4.3
DNV - RP- C202: Buckling Strength of Shells
, <
/ >
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1.5

Cfl’,‘l"

<

s.=N/A S, =M/Z,t =2Q/ A t, =M, [2pr?

N:  [N]
M : [Ncm

Q: [N]

M [Nem

A: [cnT]

Z: [cn?]

r: [cm]

t: [cml

o [N/cnt]
f [N/cnt]
. [N/cnf]

Safety factor

DNV - RP- C202

[ F r [ F7\072
— 1 ]. —=<_ (). —
(_ 15 ) L5 (=<0 377(_ F_) )
2.567 —r/t(F/ E)*" ” BTy
{0 967 F+ 0 4F[ o5 <15 (0 377(. F) <2< 2567
1 " (E\OT g
(_ 2.25 C%?) 15 (2 567(__ F_) <7

= 0.6EH1 — 0.901{1 — exp

e e
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/ 78

=

(1—5 )>< 1.5 (+< 0.274(};) )

2.106 —r/t(#/ E)"™ ] } 177 E\0T
=13110.267F+ 0.4F < — — —
. {0 267 F 04F[ 3 1.5 (0. 274( ) <2, 106( =) )

E\ \0.78 r
(225 e, |< 1.5 (2. 106(?_) < -)
t [y \1/2
Were =065 11— 0.73111—exp —1—6(.?')

[ F ) r _ 0.204(E/ )"

= 1.5 AT St et el A

( 1_5\/5 ) ( t (Z/T)U.-l )

0.267F 0.4F[ 1.446 —r/t(1/r)** (F/ E)*®! ” 0.204(E/ F)°% r  1.446(E/F)"%
= + > 1.5 < —<
sl { V3 V3 1.242 ( (1/r)* t (1/r)* :

1 L446(E/F)™ _ r

| 555 e 15 G =)

I
Tere =0 8% t{Ho 0239 i(1)2] }
' /()] t
Normal condition Extreme condition

Wind 0.8 0.8377

Shear[ MN] by Wave 2.081 5.557
Total 2.881 6.395

Wind 0 68.61
Weight -0.8034 -0.8034

Momentf MNm] by Blade 94.88 0

Wave 32.42 81.69

Total 126.5 149.5

Table 4-6 Maximum | oad on substructure

40m 2m
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Section number | Nomnal condlifon [mm] Extrere condiition [mm] Modke! thicknessfmm] Safety
1 12 11 12 ok
2 12 11 12 ok
3 12 11 12 ok
4 12 11 12 ok
S 12 12 12 ok
6 13 12 13 ok
7 13 12 13 ok
8 13 13 13 ok
9 13 13 13 ok
10 13 14 14 ok
11 13 14 14 ok
12 14 15 15 ok
13 15 17 17 ok
14 15 19 19 ok
15 15 22 22 ok
16 15 15 20 ok
17 15 15 20 ok
18 15 15 20 ok
19 15 15 20 ok
20 15 15 20 ok

All sections have 2m height
Table 4-7 Requiredwall thickness and its safety
stiffener
, stiffener
Stiffener 1.5cm , vertical stiffener 16 , Horizontal
stiffener 9 , Bracket 16 Stiffener DNV - RP- C202:

Buckling Strength of Shells
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+—rt—>

6m 4m

Figure 4-12 Sectional view of siffener inside the floating platform

Figure 4-13 Platform manufacturing by wielding in WindFloat project
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4.4

CAD

Solidworks

Center of mass

X[m]
Y[m]
Z[m]

15.26
0

Total mass

m[kg]

1,111,681.85

2" moment of inertia

at center of mass

Ixx [kg m"2]
lyy[kg m"2]
Izz[kg m"2]

239,771,894.55
194,049,850.14
239,771,894.55

2" moment of inertia

at origin

Ixx [kg m”2]
lyy[kg m"2]
Izz[kg m"2]

395,107,106.17
194,049,850.14
395,107,106.17

Table 4-8 Mass property of platform
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submerged.SLDPRT

(@ solidworks =52 24

o2

o @B X

3B
S8

]
x| | S
=]

2
A
2. e o p @an

Hj | 82

J

A m;c; £ [@ n2mED B
| @ az e

=

7
(SRR
o2 4
o=
T
AL AL 1x
X b

& 4 &

ol OFEAE  Analysis  Analysis
Wizard Wizard

SimulationXpress FloXpress DFMXpress DriveWorksXpress

e

Sustainability Part

Wizard Reviewer

WA [ AHA | A& [ DimxXpert [ Ofice HE |
SERlee >
/w—

Q) submerged (7|2<<7|2>_EA
(&) A

1{A] 74

-{@] £2|< BiCI(9)

3= Cast Alloy Steel

& =

RS S
mo |> |> ol Jor plo o yo
oft mle mo r@ 2t ot % re

Bowo e g

e
gl

!
rm
(]

< I ] »

QASHE T o @R-H-

O E e X

DR

R 22 [T ZAHOT ]
Solidworks Premium 2013 x64 Editicn

i

MKS

[
ol
L
Im

(L]

Figure 4-14 Platform modeling with solidworks
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4.5 Draft

shap load . shap load

rotor gearbox

20m

, TLP type

w+nT =B
M =r32DT

Moment by Wind

T 44T

Buoyancy

T i

Figure 4-15 Equilibrium under bending moment

Snap load
T-DI>0

B>w+nM
2r
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snap load
draft 16m
3.15 )
(LSWL) , 3.428m
0.85m

gin

8m

draft shap load

Maximum wave height

= —

Set LSWL to here

Minimum Draft — —

W
shap load
(HSWL)
draft 16m 10m mar-
26~30m draft

Figure 4-16 Draft Design

4.6 Spoke
4.6.1 Spoke
20
Spoke cyclic load
20 cable
cable
cyclic load
load spoke

-38-
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, 20
uv

20

spoke

tion

Figure 4-17 Failure of cable in ocean environment

, creep,

DNV

, UV

Tension cable

Fiber

cyclic load

wire

Chain

- OS- E301

chain, wire, fiber
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Type Chain Wire Fiber
Chain
Pros
uv
Cons
Deep sea mooring
Usage FPSO
) TLP
Catenary mooring

Table 4-9 Cable type comparison

Figure 4-18 Chain, Wire, and Fiber

Fiber fiber nylon, aramid, HMPE . Nylon
elongation
. Aramid elonga-
tion . creep
HMPE (Ultra - High Molecular Polyeth-
ylene) . 4~5 , creep
, spoke

HMPE fiber rope spoke

-40-



Type Nyilon Aramid HMPE
uv
Pros
Elongation ,
Elongation
4~5
Cons
20%
creep
Table 4-10 M aterial type comparison
4
/ HMPE
3.5 /
3
% 2.5 i
2
> // Aramid
S
> 2
5
® 18
// Polyester
1
// Steel wire /m
0.5 L—/
0 T T .
0 5 10 15 20
Elongation (%)
Figure 4-19 Elongation test comparison [DNV]
HMPE creep
HMPE
creep . Creep rope tension
DM20
HMPE rope DNV creep test 50
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60

Elongation (%)
S =t 8

-
o

DNV

Accelerated creep experiments
at70°C and 300 MPa
\ experiments until
SK75 creeprupture
SK78
creep experiment
| running over 10 months
DM20 \
0 1000 2000 3000 4000 5000 6000 7000 8000
Time (h)
Figure 4-20DNYV creep test resuliDNV]
2011 Dyneema DM20 HMPE rope 30 , Break-
ing load 45% creep 0.5% 50
2015 ENI Goliat FPSO project 80cm HMPE
4.6.2 Spoke
Spoke FEM
ADINA
beam element
, wind turbine
. Spoke  Truss element cable element
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FORCE-R

RST CALC
SHELL T = 1.00
TIME 1.000

Figure 4-22 Force on spoke
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4.6.3 Spoke

DNV- OS- J103 , cable mean tension Dynamic
tension safety factor
82 Tmeargmean+Tdyr‘gdyn
safety factor , safety factor 15 2.2
e gmean gdyn

Condition

ULS ALS ULS ALS

Normal 1.30 1.00 1.75 1.10

Extreme 1.50 1.00 2.20 1.25

ULS: Ultimate Limit State

ALS: Accident Limit State

Table 4-11 Safety factor for cable in ocean

HMPE rope

. HMPE
spoke . HMPE ISO
10325 : Fibre ropes _ High modulus polyethylene _ 8- strand braided ropes, 12 strand braid-

ed ropes and covered ropes HMPE rope

-44-




‘I "Min Stress or Spoke
: 2.49155MPa
Spoke breI k on 340MPa
|

DISP MAG 2.749

-
/ A
.
N mmmm ===
/

\ \Z
\’Wbreak at 3.5% el{angation

Figure 4-24 Elongation on spoke
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spoke HMPE 703.68mm
ty factor
4.7 Wheel
Figure 4 - 23
Figure 4 -24
truss cable
wheel Figure 2 - 24

safe-

Spoke

Figure 4-25 Deformation of wheel structure
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Figure 4-26 Deformation of wheel structure (30.22 times magnified)

wheel 50cm, 40cm 190MPa

DISF MAG 2.749

Max wheel stress T |
| 8.57MPa ."

Wheel Yiel

Figure 4-27 Stress on wheel

-47-



wheel
. Wheel L beam , slenderness ratio

/ buckling test

2
s, :E%//Z

k=1
Length of BeamL 26.7878m
Radii of gyration r 0.16m
Slenderness ratio =(L/r) 167.342
Sq 66.964Mpa
Yield Stress of EN 10255 335MPa
Table 4-12 Buckling analysisresult
Slenderness of ratio / 200 , buckling critical
stress Yield stress . buckling
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51
(National Renewable Energy Laboratpry Dr. Jonkman
FAST (Fatigue, Aerodynamics, Structures, and Turbulence)
. FAST ,
. FAST
[12]. NREL FAST
External I Applied I Wind Turbine
Conditions Loads
I I Control System & Actuators
InflowWind | AeroDyn

Drivetrain

- Dynamics

namics | I

Rotor
Dy

Wind-Inflow

Generation

Power

Nacelle Dynamics

ServoDyn

Tower Dynamics

ElastoDyn

Waves &
Currents

Substructure Dynamics

SubDyn

Soil-Struct.-
Interaction

Foundation Dynamics

Figure 5-1 FAST control volumes for fixed bottom systemflL2]
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External | Applied | Wind Turbine

Conditions Loads
I | Control System & Actuators

InflowWindl AeroDyn |

AN
—

Power

; p\) = Wind-Inflow Aero- Rotor Drivetrain ‘
R T dynamics Dynamics Dynamics Generation

Nacelle Dynamics

ServoDyn

Tower Dynamics

A HydroDyn

es &

ElastoDyn

I Mooring Dynamics MAP++, MoorDyn,

or FEAMooring

Figure 5-2 FAST control volumes for floating systemglL2]

FAST input value

NREL 5MW wind turbine ,

, NREL NREL 5MW wind turbine
, NREL
Tubsim module IEC 614003 Design Load Case(DLC)
Turbsim

PiersonMoskowitz spectrum

JOHNSWAP spectrum

. NURBS
Rhinoceros Mesh , geometry
WAMIT(Wave Analysis MIT) hydrostatic coefficient, damping coefficient,

FAST HydroDyn input
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Mesh generation Wind generation

anary Furllng lade(s) Primary Wind
Plnn Tower LinFears
FAST AeroDyn
FAST-to-ADAMS
Simulation Preprocessor
Linearjzation
Summary  Time Per;;Jdic ADAMS Summary Element

Figure 5-3 Input and Output files of FAST[12]

Normal condition Extreme condition
Average vind speed [m/s] 8.3 53.9
Significant wave height [m] 111 7.86
Peakperiod [s] 5.57 14.8
Water depth [m] 150 150

Table 5-1 Weather condition used for dynamic analysis

5.2

FAST t=0

transient state . transient

state t=0 ~ 3500][s] t=3500 ~ 4500[s]
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displacement pitch angle change
mooring cable cable tension nacelle

bearing

5.2.1 KAIST model with V - shaped mooring system

V-shapednooring system KAIST model

Figure 5-4 KAIST model with V-shapedmooring system
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Figure 5-5 Dynamic analysis result of KAIST model with V -shapedmooring systemin normal condition
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Figure 5-6 Dynamic analysis result ofKAIST model with V -shapedmooring systemin extreme condition
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5.2.2 KAIST model with |- shaped mooring system

5.2.2 V-shapedmooring system KAIST model snap load

TLP I-shapedmooring system

i. 8

Figure 5-7 KAIST model with 1-shapedmooring system
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Figure 5-8 Dynamic analysis result ofKAIST model with I-shapedmooring systemin normal condition
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Figure 5-9 Dynamic analysis result ofKAIST model with I-shapedmooring systemin extreme condition

-63-








































































