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Figure 1.5 Share of energy from renewable in the EU member states [1-6]
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1.3.3.1 Hywind Scotland Project (=2 ¢]¢])
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Table 1.2 Hywind Scotland Project

Description Value
Company Equinor (7 Statoil)
Country 29 o]
Floater Type Spar—-buoy

Turbine Siemens SWT-6.0-154
Location A(~ZEW=
Water Depth 95-120 m
Normal Wind Speed (@100 m) 10.1 m/s
Normal Wave Height 1.8 m
Capacity 30 MW (5 x 6MW)
Cable Length 30 km
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Hywind Scotland

The world's first commercial floating wind farm

Rotor diameter: 154 metres

Turbine height: 253 metres in total. 78 metres
below sea surface. 175 from sea surface 1o wingtip

Biades Length 75 metres

Each turbine weighs 12 000 tonmes

Suction anchors:15 suction

Chains: 2,400 metres fong.
anchoes. 16 metres tall. 5 metres

weighing 1. 200 tonnes

n diameter and weighing approx
300 tonnes each

Hywind Scotland consist of
5 turbines, 6 aw each <> 30 MW
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Figure 1.14 Hywind Scotland Project Layout % a9 &3} [1-22]
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1.3.3.2 WindFloat Atlantic Project (9] =)
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Table 1.3 WindFloat Atlantic Project

Description Value
Company Principle Power
Country H| =+

Floater Type Semi-submersible
Turbine MHI Vestas V164-8.4
Location RACE

Water Depth 85-100 m

Capacity 25 MW (3 x 8.4 MW)
Cable Length 20 km
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WindFloat for 6 [\W] KFWIND

79.8[m]

Water entrapment Loose

‘heave’ plates and anchor
t broad structure

aid stability

SOURCE: PRINCIPLE POWER

Figure 1.15 WindFloat Atlantic Project Layout 2 1 & 3} [1-24]
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1.3.3.3 FLOATGEN-IDEOL Project (Z%Z2)
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Figure 1.16 FLOATGEN-IDEOL Project [1-25]

1.3.3.4 Hexicon Project (&4 4)
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Figure 1.17 Hexicon Project [1-26]

1.3.3.5 GICON SOF Project (54)
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8
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Figure 1.18 GICON SOF Project [1-27]

18



1.4 A7 w3 # 535

th 3}

Nlo
-

3

pjJ
™

)

ol

K

N

g 2 F4e] o mekA, FOWTS|

o_]1_.
-

I

—
fite)
mK

Tor
B

Mo
|

=4
=

Bt g9

}\] < H /bll-?_g]

goh a8y, giFEe] Alvid

Q
a

141 (Fully Coupled load Analysis)©]

%3

g 3

AAE AA

Ael

H o
T

ki3

14 Aujelur o

9]

o glom,

o

ol

Njo

Jo

o

[ e R T e I T = W s K I

ksl
pul

31o] of

=
T

) 7S =

=0

!

N
Njo

3

A A

wK

&

S

7k of of

E

Dz

wreg o] ol

ksl
T«

slob @k waa,

B

&+

O
Nd

—_
o

F,

S

Al =] o] oF

pS)
=

T
4

0

-

8

o] Bits

stEos 2

A

A A
7} EEEE A7 ofof

H
T

3
-

b

A7}

3

AA = &8

7=

sy

<
=4

T
o

o]
A

2~
T

s}
=

Fel vk whebsd, FOWTel 24y

] A%

S

=7F dA

701—

Skl

i rEEel vt

9|

‘g]

B

=K

19



rER
me%%
~ —
iuﬁﬂw@w mﬁ\ﬂ"_madﬂm_xS
&5@% drxﬂ Ak
o NG :.ﬁqaa%A]r
qou?&_]@ LC%Ell_ou' <
;mw%g %muoﬂqwofﬂﬁ LR
k_—ojijm ]1lﬁ§ﬁowu] HT450d|mﬂa
"3 ﬂ%qmﬁgnw g $EL3
Al : o
W <+ " = oo F oo WLE s ; o OM :@ﬂw%
x ﬁ%sﬁa%g MDL zmar.L%z I
Lo A g BN 0 o - R o _ o
G 5 © X s o e | T o) = —_— N — o
i . R Ny s ™ o jal LA N ok 5 BN Nlo TN ol
5 o w W S _® A g A i) T T oA
o~ N i ox : =~ To - 00 H
o ,_AT o ]o_ — ]ﬁo; xi.a] U%Lgo o =
T W%oa%@@@ @ﬂ%%%%zo%ﬁ %%@% o
N P J ol Aaﬂl.ﬁm]ﬂwyo_u&o @lov%o_/u ,&oaxﬂpﬂﬁﬂe Laﬁ Mﬂc._eﬁ
— N} &oﬂr ﬂLuTE. ﬂuTﬂn%auZ’]A Aogoﬂkﬂvlﬂu
= X W - S X o) I = - <0 e
ﬂoomo ﬂ@owgag1 Ofﬂ@aﬁ w5 P TR
de} oy o= mau um,mn, ouTOf <° ﬁoﬁroo qﬂﬂﬁtm@
EHTOHLQL zwﬂmﬁodrog %ﬂé%% ogaﬁ@ﬂr o L
A ® LT Az o o o { %Mﬁo oo | =T QP > o
oﬂﬂl ~ é]oemxoﬂm_w x,#1r‘_nyl,|1rﬂm.._v@ﬂﬂ4_q;o ﬁToWﬂu Aoﬂol
wn%%mmr HTMOR = = Mm%mco_ﬂﬂs bo WWHT‘_O_EEA&&
wmﬂW7§ .@r@imﬂ%mlx T EVHHT = o o .ﬂ]é
Eaﬂoo,mmo}r HazTaNEumle ‘_L§'1__H_E_H‘|;o _ﬂyi‘mﬂn_m_voﬁ 1r1ﬂ1ﬂrlm_uuo
i S -5 T zg%ﬂ@ﬂﬂ% @W§1%m
di o 2 M:?]Mﬁﬂﬁ]ﬂ < oy LLollowa ol = u.xi;o
xE%ﬂQ au\mhmurm S Pmmog,wﬂogﬂw/,b%ﬂ i_ig?ﬂ
Ltﬂoéuﬁmm Vﬁiﬂn( oimﬁor _L_um,ﬂ_ﬁﬁ.zomﬂwu 15%1015%
o7 = < 2 Dﬂqs% T = a}%xéi ik %7_,3
4 B o2 = o SIS = a,% - o o > ST
G+ 1] %ﬂﬂL N SRS p L i
~ N o Nk o T N Nd 7 N 3 . m S o) ﬁT‘.X_;o ol o No ojy .
NH nnL_ Ao:ﬁ7 gls O ™ = o 7u1r1|ﬂr7o
,Iﬂﬁo__o_/ —_— d.ﬂ Q.moa#ai Eol! Haﬁhj_/l_lﬂldﬁﬂu & ‘OILE,lr
ﬂ_uo F o dﬂem_woll . Lo‘mﬂ Ty 1_ o]JXIHT o EH
% o = dHAE_q o B %e&qo_oA b 2 1kJ
W iy S = X P ® #éqo ;0 PN
ol M =5 o = o %?Hﬁoluoﬁxﬁﬂ %o T w®
A4 N 0% < | < @) ~+ N T = S0 Mo n 03 TK T2 o 7o)
i;lmﬂmcﬁ o & o,mujl@ruﬂ o ﬂiH%ATJ o oF @umaﬂi o
D il L_. o m_wnLu, moiﬁ/lé 4 o @M%ﬂog EAQHT %ALMH L
ﬂ%.ﬂ?@ HﬂEmMQwWﬂo _raﬂﬁ ﬂﬁmoﬁﬂ __omfnlﬂmg
dﬂi7 ZQIV:.L ]Zvev Hlé]emaojcnnan_oull ﬁoz%wﬁ. <
jum mml‘._ N = OL 1” ~ —_— — X ﬁE B\ o e o ,.* »AEA =
B ﬂODO#h X2 &lJ:MJl\aﬁ xr ..*‘Aonno‘Ul. ,_ﬂwplljl T;o
o U N ?axfﬂﬁﬂﬂ@wm & @{5
oyl b o i o O ) o 9 X e ~a o) 00 - ok Y No
;ﬂhz?% ﬁgLéﬁm_aJé =& o =
< o [ = T EoAEOEﬂ; Emm 2
i lo _ﬁ E.o :i o XO T o E o ° h XV E.rl
M- ELLBI zqgaojxw._/ﬂﬁl_r i mﬂL]E
< x R 1 w T s F N = o
o U.r: o_Hﬂvl o _I_ Z..# z.o vﬁ &o _,rl‘l__/l JI] U_.E
ot~ o S R P o M F
zaﬁi%_w? HJHT@?L
E_HO!_#OLJAI!JW VME‘*‘H.O!‘I#_W ;oE
lﬁuomlom %ﬂoao_/wvm%
) E )
FELIE
O 8T

20



5-MW+= 2233 (Spar-

1

°©
pul

o

-

=& 7t

QL

3 & ol A

Al
f

fere] 150m <

o

1.5 @7 ¥9 R W&

K

P
fife)

o

FAST

1
\

°
pul

‘(134
A

SRRTEC ERNERE

o

¢}

25

1

3

EREXE

=]
2~ €l
— =

—_L

A Al

A

Gl

o-MW

}

°
pud

HA G2 Aol 2] 4 7-A(NREL, National Renewable Energy Laboratory)el A

3} o] ZA A A e AT wWelw FARY

al

7F71H ] Aoks HA o % Figure 1.19¢9F #o] A4 Y
=

[e)

=
N

N

]

by
FOWT

[}

o}

o

ﬁo
B

)
T

>

o

=

Al
=27

S F717dH-o12] 3dzte]

ct.

7kl A oF 17 km Dol A

0

[€)

Astel

o
=

_]

A
ax

w
_ae
b

ol

el

—_
1o

—_
"o

BRI

9

FOWTY]

4

°
5-MW £33

1= oz Ak
A

°

Al

3

BE AT ok

3}

=

atel vl71E

FAST A]&d| o]

A #7dol

T

°
R

A IEC = Al 35 A7 WindTask OC

)
ok

123 4] o]

Lo
L

0.
H

371

S

K

E
[
Ao aslo® ek

PN
T

=
=

ul sk Al zf Aol A A4 NRELOIA 7
FAST
o=

SE

)-
f

-

R

£

H
71l

=

[

S
fY

ot
4

3
-
1

=

d o] H

=]

&
X

750-kW
=

A
A

o
o
o
o

ol

jn

21



)

i
Ko

ol

3

¢l MSC PATRAN/NASTRANS A}-&

ZH
=

EIES R |

=

(FE)

Q

e

oj
T

m

o
Ay
M

1o

el

==
1o

—
file)

ﬁo
B
;OL

M

%
o

el
—~
o
T
e
o
hin
o)

1o

o

dlo1el ABAQUS/Explicite] H]413

3 E

o

Q484 By

K7}
=
S
E
ot
=
o
E
@
T
T
=
&
[=]
]

structural element)
Design External Load
(Rule based - Pressure load)

(Stiffener/Reinforcement

255 88

f Stress & Displacement \ [ HME,

YN 54

4'

o
BEr 4
o 3 0
g %
p il B
= u]
B K
=<
4] &
ul]
e
7 W0
¥
= K[0
A._ﬂn
&
o | &
LT
oy ol BB
R ‘
& el é %/ ol
10 BEEREEER
o “Hw 3 n
S S N 4 N
(o] B "
e | EEia iy
w.ac Hlz5 . 1,
2 <0 Ll R
W-.._mc = BMIEE ~———
aN =£5E RIET LI o
1 585< z|lss 7
58E32 B .
S Z&688= 5

xr

o

37t

uRYE

( Bending Moment \ [ Collision scenario & analysis \

Figure 1.19 A Modeling and Analysis Process of a FOWT Substructure

22



A 23 5-MW Spar-type FOWT A A A8 A}
2.1 74 358 LA7Y IART L FIA Y

FTEL AN TS Arlek #HEE V)emo] A WA RO R T +F
oA M7+ 3% [ECUnternational Electrotechnical Commission) Q.31¢] 23]
AEHT, o]F [EC 614002 FHIdHA~g3 AdE A, =4 2 5384
HAs7] 8l AAS o g wAxZES AYg Holt. FHEEHT

[e]

g AR RRAAE Bdel=, il Bl § AXTze P29

A2 [EC 61400-3-1(Design requirements for Fixed), %
61400-3-2(Design requirements for floating)d] 7]+=& wWEr} E Ao A
AT LA ] AAGF 2 2L [EC DNV 1#lal ISO HAHES F

1=
Fustdrk. EE RE4 APFINzR ATE A8 FEsgd MW 9
AYFEES LHH FALE 2 FHES $5-1(Appendix-Dol 7] st

Figure 2.1 IEC 61400-3-294 Hf2 F=H9x7]9] Spar, TLP, Semi-
submersible E}Ygel] wWE XA FZE(Support structure)®] TAS  HoF=U)h
Bl (Tower)®, ZE(Rotor)$} WA (Nacelle)?] 3tdiE  Z & (Platform)7HA &
o)t = (Water level) 5o $1x|8F A A FFxEo]t}, H+ }E-+ % & (Floating
substructure)< ZHFANA A A H(Sea bed) AFH7HA S

8

> e
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-~~~ Rotor — nacelle assembly

Tower

Platform

T _
[ - !
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Figure 2.1 Parts of a floating offshore wind turbine [2-1]
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Figure 2.2+ Y7 s8¢ 79] HIA|AHS YeRAT, uvpgo]

o
71 o.2 31dst= Z[Roll, F592), A (Pitch, €&52), &(Yaw, AT58)=2

Ho]o+=

Wk o 2 6-A%(DOF, Degrees Of Freedom)E 7HA W x, vy, z SWake] HA 52l
A (Surge, HFF8R), =ddol(Sway, FHFE8L), 3dlH(Heave, Hdts2)9 FH&
T =

U
Freestream velocity

Figure 2.2 6-DOF of a FOWT with a spar substructure [2-2]

Figure 2.3& 7}7} E#ol= ZE(Blade root) ¢ Y Hlo]~(Tower base) -9
FEANAEE HoFr LB Z8E= W e RulEQ wWakS molst 4= it}

XB in direction of the rotor axis
ZB radially zF

XF  horizontal

vertically upwards in direction of the tower axis

YF horizontally sideways, so that XF, YF, ZF
YB so that XB, YB. ZB rotate clockwise rotate clockwise

Figure 2.3 Blade root and Tower base coordinate system of FAST [2-3]
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2.2 5-MWH &23g 574 s 33HLTAALE AA Al

oAFE fd e Faicke] sigEAd A 5-MW F 29y {4
AT LAYl AANA~E|(UOU Spar)S Figure 2.49F o] FASIF o, A
AYS Table 2.1 ARt A F2E NREL oA A &8s 5-MW & 715 9
712 A 889 tH2-4]. 2E (Rotor, Hub+ Blade)9] #7Z-& 126 m oW 3] B (Hub):=
A (SWL)el A 100.36 m ol 1A ghet. F-f-A) vigol A B FA7EA o] HAA| Fol=
176 m o™, s 9] 15.36 m ol B¢ wo|xeh ap FfAl7F A H. o] FH

171 114 m/s 9 A4 $%(Rated wind speed)olA 5- MW 2] A7 = (Rated
power)S AT %27] FOWT HAA 2 FAS F& =58 e AYES Figure
2.59] EgdA 354 (Fully coupled load analysis)S 93 FAST RE9 94

AREESleH, AANE 2 FHSH AAS FE vy AEAde 2 FaAY

$EASS FASAL webd, BRAd BY BA sehly a7 e @
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. il y agll
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Figure 2.4 Layout of 5-MW spar type FOWT model [2-5]
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Wind Turbine
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External Applied |
Conditions Loads |
InflowWind AeroDyn
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Rotor
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==

ServoDyn
Tower Dynamics
HydroDyn
Waves & Hydro- L
Currents dynamics ,1. ElastoDyn

-
ing Dy ics MAP++, MoorDyn,
or FEAMooring

Figure 2.5 Fully coupled load analysis process of FAST for floating type [2-6]

Table 2.1 Key parameters of the components of 5-MW FOWT model

Description Value
Rated Power 5-MW
Configuration 3 blades
Rotor Orientation Upwind
Drivetrain High Speed & Multiple-Stage Gearbox
Control Variable Speed & Collective Pitch
Blade Length 61.5m
Rotor, Hub Diameter 126.00 m, 3 m
Hub Height (from MSL) 100.36 m
Cut-In ~ Cut-Out Wind speed 3 m/s ~ 25 m/s,
Rated Wind Speed 11.4 m/s
Rated Tip Speed 80 m/s
Cut-In Speed, Rated Rotor Speed 6.9 rpm & 12.1 rpm
Total Displacement 9338.8 ton
Total Length (from Bottom to Hub) 176.0 m
Design Draft (below SWL) 75.64 m
Freeboard (from MSL) 15.36 m
Center of Buoyancy (from Base Line) 34.56 m
Center of Gravity (from Base Line) 27.10 m
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2.3.1 35 SHEH A4

HoodAqte] £3s s AN FERAvel A2 ulak oUXE(DOE)S] =¥
AAQAGANTA AFA(NRELD) A A 7st sS85 dbdr]e] 7= 2dQl 5-MWa

O = dEEdazlel A, Mg, A3 8
e & fld ALA FTHEAYY Ao F2E F st gon, g
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53], = s, fadaay, APV AGEA 5 BE wveA 9gE 2y
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2+2-351A4]  ®ol. Figure 2.690]4] s
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ER9] Hlolzo] YEhe BEWE Ses A ete] iz E JEudoh s A
B uo] o] Hgat= mulES F7|7 muw-sde] Brejwo]x, w=akel(Mudline)
agal ~uke] gRgo) s o g Frtety, 53 Hf

o Ak mEkA, B dAFolA = NREL 5-MW

g A FEE = 7=
> HEA 712t ¥ (Rotor, Hub+Blade), Y4 (Nacelle) ¥ FEZE A|AHLS FUsH

{

O

{0

Agaglon, Bhe dolg 5 m Zolw FAE ZANA  Fate T

1GBFNANE 28 TRIEE BEG 7 YT g9 A4

O

| Fixed type] [ Floating type] [ Comparison of Moment of Fixed & Floating type ]
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Figure 2.6 Comparison of moment of Fixed type & Floating type
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7S 1719 UOU Spard] AlYs Bluste] Aelsiiv. A5 28 (Rotor) 9]

126 m, 3% FFASt AZE& 9% T/P(Transition Piece) H-F
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fo ZN
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AE(Top) AR} FA= 3.5m ¢ 0.031 m,
Ae 27 6.0 m 9 0.055 m=Z AASA
Rl o] A FAFAHS f384h EEHES S Figure 2.890A49F #o] AYS
Taom B FATAS P wuoRRE 122606 mE WERUM,
ElgJ el o] 225 E] 31.606 mol YAl AAE FE FTHEN F2 AlYde FAST
FAdsN A A FH] AeroDyn¥ sH- f+A1# 9] HydeoDyn®] & 5934
9GS g EHow AAE 7] 93 ElastoDyn BREQ o9 oz ARgH)
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Figure 2.7 Baseline wind turbine of 5-MW FOWT model

*» SOLID PROPERTIES
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I1 12 I3 H . 027+ 1.8
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Figure 2.8 Properties of 5-MW Tower by FE model
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Table 2.2 Properties of 5-MW baseline wind turbine

Description Unit NREL Uuou
Rotor Diameter m 126.0 126.0
Hub Diameter m 3.0 3.0
Rotor
Hub Height m 90 85
Mass kg 110,000 110,000
Length m 12.0 12.0
Breadth m 4.5 4.5
Nacelle
Height m 4.6 4.6
Mass kg 240,000 240,000
Diameter at Top m 3.87 3.50
Thickness at Top m 19 31
Diameter at Base m 6.0 6.0
Thickness at Base m 27 55
Tower
Height m 87.6 82.6
Mass kg 347,460 383,549
f .
Center of Gravity m 38.234 31.606
(from Tower Base)
2.3.2 TEEY 9 I
FHuAzle] 2HS el AW AL e FxBE A7e mEM
DfAESE AT ik wep, FREY usss sele g TN
JAAE 7= Fx2E dAY AL HSE dE A5HQA Sxelth. FEHUAT] 9
IFEsTe 38 nAEA Fa 2 Y FAE%(RPM, Revolutions per Minute)ol
upebx 1 gro] WstkslA Hok Edlol=vt 3|dehHA HAskE TSIk BRG]
AFHET7E EASHA =W Fxlo] @Ast), Fxlo] MAstH FxE9 o] AA
Hol AZFe FxA A~EYXA(stress)E e Bub oluzt, AFIAE H9E @AY
MARA F AME Fom dls) wAEs EF gan el gl wmed 29
7 $EW THUESS Bt ZPuds] 94 Ao 2E s A%Esh vmskel
T2 A S HoUEE g7 Ao o sk [2-7]. 53], EF9 A (Fore-
After)}3F Bt} 29-(Side to Side)d3FollA &7]984 w3 (Aerodynamic Damping)

a7t 2] wel exle] dde] ¥ =AA

il
o
=)
Kx)



2 oATaE ARAL B AL AAE ARFREE A B Ak
2E} 845 @t delolAd FASTSE ABAQUSE ol8dtel ehslel 13 % 24

!

IFFITE 47 =Eeglth. FASTOlA = A& aids &8 A" 14 AH
gl ik nRAE Fde AFFasE AR ABAQUSOAM = B Y
Pk mdysta AR FHEN] RNA(Rotor Nacelle Assembly)E W=z AHA
REES A @i 5-MW Tl FEEHT] AdE biEez (Al FASA
SO E ]

X RNA® FTZFE HSots@Lumped mass) 28 AHEdte] IFFai+E
2FESHI Y. Figure 2.991+= AAAIE 5-MW 2% FEHEYY EYe 1{FarE
FAST$ ABAQUS®| A3 ghs Yetlilar Faids 53 NRELS a2 ghat vl ulsy
Hokth ABAQUSZE &M s 99 2 1f/F34E A9t 5% NRELS| &4 gkt
AR ARs uEhdt dubxo®m Belo ufFuaes 7 2 A4 HlHEsta
Aolo] whal#st, AAHAE BY7F NREL thH] Hole= &AA 57 F7F= <l

DRFE ol N1E B nhFResh 2 AolE WANIA 25 ¢ vk

offt

FAST ADAMS ABAQUS
(uou) (NREL} (uou)

15t Tower Fore-Aft 0.3240 0.3242 0.3195 0.3311
15t Tower Side-to-Side 0.3120 0.3137 0.3164 0.3136
2" Tower Fore-Aft 2.9003 2.9185 2.8590 2.7466
2" Tower Side-to-Side 2.9361 2.9528 2.9408 2.7539
[1st Tower F-A] [1st Tower S-S] [2nd Tower F-A]  [2nd Tower S-S]

Figure 2.9 5-MW Wind Turbine Tower Natural Frequencies
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AnbA oz FEdr|er 2 IHA FxES AS dXAAES AT Hske
74 A = (Campbell diagram)E AHEEH WA EE FxE0 2t ZeW afds7t
2H O 3HEE webA WstE = AS #91e 4 vk Figure 2,113 o] FHFH2
7V 5 3k=(Excitation  frequency)S YER®H FHFHLS GFFXREQ EHEFILE
Ul BN 2H Y &R uwel FHH Huw

TFHEL 2H rpmo] HW, FAFL Il

DNVGL Wind Guidelinedl &= F=HEF]S AA Al Figure 2.103 o] Z¥H 3o
e st s 9 ¢ d=S 27HY, FHEHNS RPME VELe® ZH7L
g oubg] sk AeE 1P, 3709 Edol= &3 JsE 3Peta Aofu[2-8].
FASTY Zxg] xZ=zZ=8e] MBC3(Multi-blade Coordinate) [2-9]1& Y3 =¥
A wE TR B TS AWM AR (Campbell diagram)® Figure 2.119]
YERRRITE A Aol A ZE 9] 31 Cut-in (6.9 rpm)ell A Ao = 3] d35t=
Rated (12.1 rpm) 774 E}Y FA(Fore-After)9} SS(Side to Side) B 1P} 3711
FI4E Joto] AAES & 5 U

Typical wind profile

- Rotor frequency (1P)

Blade passing frequency (3P)

I 3P=1P x Number of blades

v
|_." = Mean sea level

L
Typical wind induced AR Muddine (foundation level)
wave profile

Figure 2.10 Definition of excitation frequency (1P and 3P) [2-8]
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Figure 2.11 Campbell diagram of 5-MW Tower
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Figure 2.12 Layout of 5-MW floating platform [2-11]
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Table 2.3 Properties of 5-MW floating platform

Description Unit Value
Displacement ton 9338.8
Length (Depth) m 86.0
FOWT Design Draft m 75.64
(Total) Freeboard m 15.36
CG (Center of Gravity) m 27.10
CB (Center of Buoyancy) m 34.56
Mass ton 1734.4
Hull
CG m 32.28
Mass ton 107.0
Platform Equipment
CG m 86.00
Mass ton 1579
Sub Total
CG m 35.93
Mass ton 3093.9
Concrete
CG m 2.99
Ballast
Mass ton 3522.5
Water
CG m 20.37
Mass ton 8458.1
Freeboard m 28.56
Bl iorm CG (Center of Gravity) m 15.82
T CB (Center of Buoyancy) m 31.10
Ballast . 2
Roll Inertia t*m 1,261,706
Pitch Inertia txm? 1,228,964
Yaw Inertia t+m? 353,848
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LA AFA=Ed A By AES AsiAE = 54 ¢
aEojop gt B ATolM = AA B FEEACVE AAE sk
4 150 moll %o #ASAH(Catenary) AlIFEIYLZE AA7ZE o] Fof AT,
AFAIz="e] o=z AFe St Fol(Buoy)d A (Sinker)E
o=ZH FFgo=r Qg FfAe T8E aHHoR AT F qdov, T
(Weight)& #-&3to] A7 2kle] Hol& ,
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Figure 2.133 Table 2.4¢] Yehjlown, Ao ~yg~ HA(Studless link)
oz AA Zdo] 560 moll A4S 0.12 moly &9 Zdold x5 (Dry Weight):= 288
kg/m=zZ AAEAJC. FHA SHNAM 53221 mol =2 PHA(Drag anchor)7}
A=A s, 2709 FME gJo]EES AxTgozH Aol 3| (Touchdown)d Zo|7}
#Hoete B7A AR A Lift-upo]l A4 e AWt
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5-MW Spar Mooring Line Configuration

-600 -500 -400 -300 -200 -100 0

Fairlead

-44.24m
-50

1st Clamp WT = 250 m from Platform

Drag Anchor 2st Clamp WT = 300 m from Platform
532.21 m from Platform

4 -

-100

Water depth (m)

-150

-200
Radius (m)

34



Figure 2.13 Configuration of the 5-MW spar type mooring system [2-12]

Table 2.4 Properties of 5-MW Spar mooring system [2-12]

Description Unit Value
Number of Mooring lines EA 3
Chain type - R4 Studless
Water depth m 150.0
Depth to fairleads (from SWL) m 44.2
Angle between adjacent lines deg. 120.0
Radius to anchors (from centerline of floater) m 532.2
Unstretched mooring line length m 560.0
Radius to fairleads (from centerline of floater) m 7.5
Mooring line diameter m 0.12
Mooring line mass in water kg/m 2452.5
Mooring line mass density kg/m 288.0
Mooring line extensional stiffness N 1.23E+ 09
Drag Anchor ultimate holding capacity ton 612.0
MBL (Minimum Breaking Load) kN 13,573
Clamp (Concrete Block) Mass
LxBxH m 28x26x2.6
Wet mass kg 20,000
Dry mass kg 39,400
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Figure 3.1 Equipment composition of ocean data buoy [3-1]

Table 3.1 Meta information of Ulsan Buoy [3-3]

Description 24t 7)ol (22189)
+971% 71747 FAAAE 7)1 A7)
THSAHA Y 2015-12-22
#HS5F7] 1 Azk
A= 35° 20" 43" N/ 129° 50" 29" E
=2 ¢F 145 m
S 4.3m (F4A)
#5 doly 3 713k 2016 9 01 € 01 ¢ (00:00) ~ 2018 12 ¥ 31 ¥ (23:00)
= gm 5, %%;%—?%é, Baroka, g7], 93, Hdvha,
frosta, 71, F8, 71, 72

SoH7FAT
35925°50"N,
130°00°00"E

7148 SHslE £o|
35°20°43.07"N
129°50°29.03"E

Figure 3.2 Environmental location of Ulsan Buoy and East Sea gas field
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A
V(@) =V(z)( )"

o714,
V(z) : wind speed at height z

z . height above the still water level

z, ' reference height above still water level used for fitting the profile

a : wind shear (or power law) exponent

Vig= 10.01 m/s

Z=100m

V5= 9.08 m/s
Z=50m
V3= 6.44 m/s
Zr=43m

LALG
o
Profie

a

(3.1)

Figure 3.4 The change in horizontal wind speed with height of 5-MW FOWT

Table 3.2 Mean wind speed at each height

Hub Height Wind speed
4.3 m 6.44 m/s
10 m 7.25 m/s
30 m 8.46 m/s
50 m 9.08 m/s
100 m 10.01 m/s
150 m 10.59 m/s
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3.2.2 &+3F (Wind Direction)
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Figure 3.5 Wind rose with different wind speed [3-6]
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Table 3.3 Wind speed direction scatter diagram of Ulsan buoy

e Wind Direction [°]
N(0) | NNE@25%) | NE@5) | ENE(67.57 | E(907) | ESE(112.5%)| SE(1357 | SSE(157.57| S(1807 |SSW(20257)| SW(2257 |WSW(247.57) W(2709 MWNW(292.57 NW(3157) [NNW(337.5|

uU=<1 38 29 33 37 42 33 51 39 32 33 34 3 26 29 25 38
1==U=<2 84 89 128 12 132 95 78 81 94 98 91 77 76 81 54 52
2<=U<3 120 146 136 165 180 110 122 114 123 138 135 103 104 85 80 105
Je=U<4 148 173 210 237 202 120 106 12 125 164 197 148 107 84 ) 17
4==U<5 169 183 243 226 179 86 80 59 135 218 219 172 131 16 107 127
5<=U<b 215 228 262 286 163 73 40 38 115 279 333 180 130 121 127 181
— b6<=U<T 231 202 304 318 169 56 39 43 90 267 402 261 128 103 157 232
{ﬂ‘ 7==U<8 221 202 289 257 141 52 13 33 59 169 416 261 107 91 176 230
E 8<=U<9 178 141 235 194 104 39 16 18 50 116 313 220 103 75 179 216
= 9<=U<10 162 149 206 177 83 32 7 10 3 89 320 185 107 65 167 220
s 10<=U<11 116 105 193 170 58 26 2 6 28 44 189 142 72 59 199 184
ﬁ’l 11<=U<12 92 79 110 123 37 5 0 7 17 28 108 95 49 43 134 120
g 12<=U<13 43 50 78 36 20 1 5 7 6 15 74 49 26 27 69 75
g- 13<=U<14| 31 46 36 32 7 1 2 1 8 6 38 41 15 13 54 43
(%] 14<=U<15 28 26 29 20 3 3 0 3 7 8 24 26 7 9 15 16
el 15==U<16| 5 15 34 18 5 0 1 1 1 3 1" 13 n ] 8 8
E 16==U<17| 3 10 15 1 1 0 0 1 2 2 2 8 3 1 3 4
; 17<=U<18| 1 ] 9 1 0 0 1 2 3 2 1 5 1 0 0 1
18<=U<19 1 2 6 0 0 0 1 1 3 1 3 1 0 0 0 0
19==U<20 0 0 0 1 0 0 0 0 1 0 4 0 0 0 0 1
20==U<21 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
21==U=22 0 0 0 0 0 0 0 0 0 1 2 1 0 0 0 0
22==U<23 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
23<=U=<24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
24<=U=<25 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

R AAEYTAA LY A FES AFS APSHE o] FHFHY BAe
Mg FaT Skold AARFRA WHS 9% FANIBANE 509 F7] o]
A S|
=

= FXEE 34 (Extreme value distribution, EVD)Z3F 7 (Gumbel) +
I #H M (Frechet) 3%, ¢to]E(Weibul) &%, H4AF(Log-normal) &3 So] ¢l
= 2ol A oF 2019 Felutal AR E o] &5l
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t}
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:oé
o2
Lo

oA E S5 SARAE A AB.2)9 FASEFE(CDF, Cumulative
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T3t7] 91ete] Windographer & &5 AHEsIT Gumbel SEREF Y AJF+E
o] &3} 21(3.3)% H3l 3]7]F7](R Return Period)o] W& =3 £& S =3
b A YTIdReole] 3dx] ASdHolgdd A 171del 1719 =% 3 Z
36702] =S o]83}o] Figure 3.63 o] Gumbel fitting= 3}t Gumbel fitting=
%3l Scale parameter(B) = 1.8029} Mode parameter(u) = 19.798& =35} o &4k
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F(x) = exp {—exp [y]} (3.2)

1
Extreme value,x = u — f§ X [— In (1 — §>] (3.3)

o7 A,

F(x) : Gumbel cumulative probability distribution function
X : Extreme value

B : Scale parameter

pn : Mode parameter

R : Return period

Select 12 peak per year Gumbel fitting
% Show: + 0 . Cumulative Distribution Function
-9 7 Peak vnd
" POFE
= CcoF
€ unearized COE
20 " POE

If

10

Wind speed (m/s)
5 >

|
ML. i.u‘ulul) m,.,tl.ll ‘Jﬂu,mh;.‘,um&: o e e e

JFMAMJJASONDJFMAMJJASONDJFMAMJ JASOND Gumbed curve fit obtained using 36 1-month masxama (12.0 pesks per year).
2016 2017 2018 Gumbel dstribution parameters: scale = 1.802m/s mode = 19.798 mjs

Figure 3.6 Gumbel fitting method (Capture by Windographer)
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[EC61400-3-11-+= =3 FT59 o= A 108 H =
A4S =E Table 3.4 ol [EC ANA AAste F3 ¥
A 2

AT = ALkl 1ARE B E=x 33X Hd HFo
BFele 108 Hat THo =2 A(3.4)E AHgste] T&stolof d[3-5].

Table 3.5+ &4F slY7]+H0o] 4.3 molA
507141 9] 3]7]57](Return Period) ®|& 147k
Hit TH02 5% 53 5 @S 44 vEhdg]

at

(3.4)

Vso,1-hour = K1V50,10-min; k1 = 0.95

o171 A,

Vso © extreme wind speed (averaged over 10 min), with a return period of 50 years

k : Correction factor

Table 3.4 Conversion between extreme wind speeds different averaging periods
[3-5]

Averaging period 10 min 1 hour 3 hour

Correction factor relatlye to extreme 10-min 1.00 0.95 0.90
average wind speed

Table 3.5 Conversion of 1-hour mean wind speed at Ulsan buoy (4.3m)

Extreme Wind Speed
Return period 1-hour mean wind speed 10-min mean wind speed
5 year 22.50 m/s 23.69 m/s
10 year 23.85 m/s 25.11 m/s
20 year 25.15 m/s 26.47 m/s
50 year 26.83 m/s 28.24 m/s
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3.2.4 =3 ¥& AIF(Extreme Wind Shear)

=2 AF TIdFole] F4 Eole 4.3 m o|BE S5MWy Fi2 dldEE R
& Bz o](Hub height)?l 100 m= F&& ZAsto]of st [ECF AN = =3 559
& Ao AdAF(Power law exponent alpha)?] ZtE o= 0.112 #AFsIE=E
ool 2 (8.1)& AE&ste] =3 59 dFS Tk}l Table 3.6 501 5719
=gt

A
F5S Eolo] we B4 ¢ e

Table 3.6 Extreme wind speed(T5p) at each height

Extreme Wind Speed
Height Wind speed
4.3 m 28.24 m/s
10 m 30.99 m/s
20 m 33.44 m/s
50 m 36.99 m/s
90 m 39.46 m/s
100 m 39.92 m/s

=t Gl rRE Eed 5% T HTS fste] S8 keSSl
i3

T
[}
ARAE A A4 dolEQ) ERA-59F MERRA-2AE2 5

g 53 BAEA
HFE ApEste] =3 FE5E Telen a2 Z3E Table 3.73 o] HusGITH
THS7]AEAE  ECMWFe  AefA  dHolH<el ERA-5= 8d9 ARE  #4
ARgsE o, mEE- T NASAS AjsiA dleo]E{?l MERRA-2& 3999 ARE
Ao ARgERlth. AlsA]l dHlolE el ERA-59F MERRA-2xFE A& 50 F7] =3
F4 grol Ao fAlelA dEE AS % 5 gou &4 Folddt °oF 1.2 m/s
AE S 39 EE g woln . ok wa Bolo ¥4 AnE Hge:
WG AA AeAGF Bop 2 gho] A8Hd Ao® HolW, 3% AL LAg
Aol = o 7] A T A48 5 de FAE AdEn
Table 3.7 Extreme wind speed of each return period and parameter (Hub height)
Gumbel parameter Ulsan buoy ERA-5 MERRA-2
Scale parameter(R) 1.802 3.293 3.511
Mode parameter() 19.798 24.617 22.528
Period Extreme wind speed at Hub height_(100m)
5 year 33.48 m/s 32.18 m/s 31.58 m/s
10 year 35.49 m/s 34.94 m/s 34.57 m/s
20 year 37.42 m/s 37.66 m/s 37.44 m/s
50 year 39.92 m/s 41.13 m/s 41.16 m/s
100 year 41.79 m/s 43.73 m/s 43.94 m/s
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ZA] g Eojof stk det doH = &4 7)ol
(Hs, Significant wave height), 3}57](Tp, Wave period) 2 33 (Wave
direction) 52 &4 ARE AFE3IY], IEC 61400-3-19] A4S Hasle] 45
stelth. Fol25 Y #5HE dolHe 54 9 4 WS 7 sdddSAs dRE

Farskelar w3t ol Aeojdnt. v, d57), 9o AR wf A el 1%
HAcE AEY T 1024709 ARE AAEY 45t S #telw, foldas
S AR FUlelA Bk RE vt § 7P w2 dhare] 389 10 sk
5] Bt Folth[3-4]. Figure 3.72 SAHE 7|9 frolata 31 35719 F3F&
AlZEe] 5o wet a2 yeilen, $3 dolHet viiiA R AH] A RS
A AN A ke QAT 5 vt

Significant wave height (m)

2016-01-01 2017-01-01 2018-01-01

Wave period (s)

14

2016-01-01 0:00 2017-01-01 0:00 2018-01-01 0:00

Figure 3.7 Real time history significant wave height & wave period data
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3.3.1 931 - 97| (Significant wave height — wave period)

Fell7bad s frojubaet wr] B TAE 918 Table 3.8¢ o] 3wzt
24 STl AFH HelHE Fu-s57] dre] wE REE xastgt,
SAb TGl FHH e 2 molate] FoTart FE olFa, FFT|E 4xA]
52Abol7k 744 WMl e o SIHth 5 m 4] sask wushA
WA = FANE 3aiv) ol A 9| E dojA]= A gkl gldtt

Table 3.8 Significant wave height and wave period distribution of Ulsan buoy

Tp [s]
6<Tp<7 | 7<Tp<8 | 8<Tp<9 [9<Tp<10
1075 969 330
1350 1384 860
422 564 623
32 85 151
75
40

Frequency

Hs<1

1<Hs<2

2<Hs<3

3<Hs<4

4<Hs<5

5<Hs<6

6<Hs<7

Significant Wave Height [m]

7<Hs<8

=
N

SESEN
= 10 4 — 53
E 8 _—-—"'—"—- “
IS Tp= 0.7709Hs + 5.601
s ¢
= 4
s
0
0 1 2 3 4 5 6 7 8

Mean Significant Wave Height [m]

Figure 3.8 Trend line analysis between wave height and wave period [3-2]
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Wave period, Tp = 0.7709H; + 5.601 (H,: Significant wave height)

Table 3.9 Significant wave height and wave period correlation

Significant wave height [m] Wave Period [s]
1 6.37
2 7.14
3 7.91
4 8.68
5 9.46
6 10.23
7 11.00
8 11.77
9 12.54
10 13.31
11 14.08
12 14.85
13 15.62
14 16.39
15 17.16
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12k Aoz ek FAe Aol IEC61400-3-104 FA = Folvtare] uf
719 Aol 7PE st AS gelstr] $lste] IEC61400-3-104 A% sh=
(3.5)5 AH&ste] Foutazk 1 ~ 13 m7ZkAd o Haok Hd 95712 HeE Table
3.107 #o] YEpidn. AdAHoz I b QIS foda-uk7] 9
B A= [EC61400-3-1014 AQtst= HATFr|eh Hulg57] HYE s
Aoz gele At

1>

N

H H
111 |[=<Tp <143 |= (3.6)
g g

Hs: Significant wave height

o171 A,

Ty Wave period

g: Acceleration of gravity

Table 3.10 Significant wave height and wave period correlation

Significant wave height Min. Wave Period Max. Wave Period
(Hs) [m] (Min. Tp) [s] (Max. Tp) [s]
1 3.54 4.57
2 5.01 6.46
3 6.14 7.91
4 7.09 9.13
5 7.92 10.21
6 8.68 11.18
7 9.38 12.08
8 10.02 12.91
9 10.63 13.70
10 11.21 14.44
11 11.75 15.14
12 12.28 15.82
13 12.78 16.46
14 13.26 17.08
15 13.73 17.68
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3.3.2 93k (Wave direction)

BErb Hsts WEFS YEE 33 (Wave direction) Tl A 7F g E o]
o= s ousty, FFY e FA WHES AREst7] wimel HMN)O EkE
et FHolA Hom st FEE LTt 33 242 3Em|(Wave rose)E
AbESte] F 9eke dErd = Atk s e s ke d dSA RN #S et
Wb wbekol 2 W el gl wlaio] AlFRIEE 2R yehd Aojw, Ikv}
<] WHako o] wpare]l Wln MEg2  UebdtH[3-4]. Figure 3.9 24t

o =
7170l e BEmE HolFH, Table 3.11 9 3aret 9gke] #AAlo] m&
o

Al el AS 218 4= Qi) o] Factd Aujyor s2% &3k WFo
o7 HAtY DLC 6.19 v S fsides 5(N,0°), 55 (NE, 45°), (S,
18095 =3t a3t el wak 2oz HdASSIT.

Wave Rose
N(0°)
NNW(337.5°) NNE(22.5°)
NW(315°) NE(45°)
WNW(292.5°) ENE(67.5°)
m55<Hs<7.5
3.5<Hs <55
w(270°) E(90%) W 15<Hs<3.5
W 0<Hs <15
WSW(247.5°) ESE(112.5°)
SW(225°) SE(135°)
SSW(202.5%) SSE(157.5°)

5(1807%)

Figure 3.9 Wave rose with different Wave height

Table 3.11 Significant wave height — Wave direction distribution of Ulsan buoy

Wave Direction

N(©) |NNE@225%| NE(45) | ENEGST.5) | E@0) |ESE(11259| SE(1359 |SSE(ISTSY| S(180°) |SSW(20257)| SW(225) |[WSW(2475% W(709 WNW(20259 NW(15) [NNW(337.5)

Hs<0.5 345 193 182 96 64 57 81 168 287 213 175 109 97 %0 90 135

0.5<Hs<1.5 2699 1569 1433 762 39 373 528 898 1261 874 662 581 436 526 798 1527

1.5<Hs<2.5 994 655 499 399 298 206 213 310 375 221 196 158 155 208 276 583

2.5<Hs<3.5 261 149 134 113 107 78 66 45 34 35 36 45 37 52 92 191

3.5<Hs<4.5 69 47 20 10 14 9 7 1 7 5 9 12 [} 8 21 29

45<Hs<5.5 49 28 7 3 iz 5 0 3 0 2 1 3 2 0 5 19

5.5<Hs<6.5 6 7 1 2 1 1 o 0 o 0 0 2 0 1 0 3

Significant Wave Height [m]

6.5<Hs<7.5 2 0 1 0 o 0 0 0 0 0 2 0 0 0 0 1
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3.3.3 =3 3& ZA(Extreme wave condition)

e

sAH7E=A Gl dig S5 Fogaet gl oid EAs FHsth =
a1 nlA AR o] fE Zate @5 Gumbel methodE A-43519 o,
a7k S 50d F7] S FolTtaie 11.12 mE JERgen ojufo] 357])=
14.17 s9S & 4 Aok F3 fogae] sigdets BF7)E 4 (3.5)5 ol &dte] 1

% Table 3.12°1 1 Attt = AlslAdAS AdE AFEIA3-9] A=
sl 2] fofuta 4 A7E5 Table 3.13°] YeERATE Fal7F~A 329
50 71 =% Feubaie welek 2] Alel gk THAw s #]lE 3l
2002 A58 20137} %sﬂoﬂ = 2
AA #HS5E Foluar Harghol

271470 08 Ae® 5 Qs FA= B

l‘F

rH‘l

Table 3.12 Extreme sea state of significant wave height and wave period of
each return period

Extreme sea state
Scale parameter = 1.206 / Mode parameter = 6.411
Return period Significant wave height Wave period
5yr 8.22 m 11.94 s
10 yr 9.12m 12.64 s
20 yr 9.99 m 13.30 s
50 yr 11.12 m 14.17 s
100 yr 11.96 m 14.82 s

Table 3.13 Extreme analysis result of East Sea and Pohang from KIOST [3-9]

Location S5 Gumbel Max measured value
=4 Hso 11.84 m .
(2002~2013) Scale 1.9033 J0m
parameter
L Hso 10.06 m
¥ 7.5
(2009~2013) Seale 1.2026 om
parameter
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Figure 3.10 Current measure point at Ulsan port [3-10]

Table 3.14 Current data of each measure point [3-10]

T AR FZ+(Flood current) Y%7 (Ebb current) W+ 7 (Average current)

Speed(m/s) | Direction Speed Direction Speed Direction
ST1 0.83 240° 1.62 47° 0.35 37°
ST2 1.12 244° 2.00 51° 0.51 45°
ST 1.51 237° 2.00 53° 0.59 48°
ST4 1.98 109° 1.76 22° 0.42 24°
STH 0.84 182° 1.79 23° 0.44 25°
ST6 1.61 217° 2.00 37° 0.44 34°
ST7 1.82 144° 2.00 346° 0.70 348°
ST8 1.00 178° 1.99 358° 0.47 20°
ST9 1.24 177° 1.63 12° 0.37 26°
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3.5 &9 (Tide)
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Figure 3.11 Tide reference height at Ulsan port [3-11]
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3.6 =3 U373 AHAAZZA (Extreme Environmental
Design Condition)

5-MW Spar Type F2 a5 L7
ety =712 Table 3.153 o]
ofyzl 1009 371F7I7HA

317157719 Sk 3737 o
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Table 3.15 Extreme Environmental Design Condition

Extreme Items Unit 50-yr 100-yr
10-min at 10—-m height m/s 30.99 32.44
10-min at hub height m/s 39.92 41.79
1-hour at 10-m height m/s 29.44 30.82
Wind
1-hour at hub height m/s 37.93 39.70
Direction deg 45/225/315 45/225/315
Exponent for profile - 0.11 0.11
Significant wave height m 11.12 11.96
Wave Spectral Peak period S 14.17 14.82
Direction deg 0/45/180 0/45/180
Ebb Current m/s 1.44
Current
Direction deg 0/45/180
Tide Highest water level m 1.48
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4.2 E3AA A =z= a2 (FAST) /M8

2 AT AR A A8 v S HAAA AU A AT ANREL) A 7R
FAST Al&@ol8(Simulator)E ARS8kt @Al FAST B 37 &m0l &7
g8t FxH A, Ao Alx®'l @ {A 9Is ayEte AZE FIolA A
THLAY] A=de eFE T4 e 59 FASTE ofH shel Ra2 4=
lom EgAAG A A3 FAST Code® %+ Figure 4.49] #%3d%d sE5EE=E
wEbd =@ EH, FAST AlE#olE(Simulator)Fde] Ze3d d8 HUdS A=
AA 2 (Preprocessors) HAY Z9 & date 2oz WHAdNTE FA4Y
(Postprocessors) #A o2 ebd & 9ri[4-2].

Preprocessors Simulators Postprocessors
2D AirfoilPrep Airfoil Data EnEny | MCrunch,
Airfoil Data Airfoil Data ¥ _IMExtremes,
Correction FAST . & MLife
- Aero-Hydro- Data Analysi
Turb3|m Wind Data Servo-Elastics —
Wind Files
Turbulence Includes:
Data Multi-Blade
Control & AerODyn Transfarmation
ServoDyn
Turbine HydroDyn
Configuration, MoorDyn il
Composite PreComp & Beam SubDyn : LR T 2 uou :
Lay-Up NuMAD Properties MAP++ 1 coefficient In-house code | |
Section Analysis| i 1 1
EAMooring} | 1
|ceFloe 1 Diffraction Radiation _ Moti(.:»n :
BModes IceDyn : problem problem equation :
_ Beam ) I =  Added mass coefficient 1
Eigenanalysis : = Radiation damping coefficient :
: = Wave Excitation Forces ‘I
Figure 4.3 Integrated dynamic behavior and load analysis process [4-2]
(FAST combined with UOU code)
Z FAST AlEHolAL 98l AA 2 (Preprocessors) ZES E3dle] 3iAS 93+
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FiHydro — FiHydrostatic + FiRadiation + F;dee(l) + PEWave(Z) + FiDrag (41)

AAE FA9A a5e welFr ofzyHds deld ofF ¥ u i
ZPEe] 43} COB(Center of Buoyancy)dl Hele oz dd A5z
SARYES] Waks LR

FiHydrostatLC = pgVeSis — Cljydrosta“c x; () (4.2)

AFA 2" o3k )42 MoorDyn &9 o] AAET[4-10]. MoorDyn<
Morison WA 2& ALgslo] AlF SsdA AF 244, 34 2 7244, = 1
]

-
ofk

ol
o
of

728 a3y, A4 HAE5Y 2 {4 984 sgs ¥ 3T 5 e HAF AE ndy
ALHS 7o g s, H§2 —‘%Eﬁ%" AA A5 Hal AFAHOZEE FF
24 Axtsly AFed 74 2 AAS MoorDynel 98 oz Apgsith 7t
Time-step A% A] FASTE —‘%%‘i%ﬂ A H HFEE AF RdE AFsid AR
2de dojg=e] &5 S Atsla Ao AFAL TY !

Mathew Hall [4-11]12 HF#2 &i¥ Fxed ddd A7 4 71ss
Al EolAst7] el HFEHF(Lumped-mass) AlFEFel 2dS Aotsid om, AlFekel
FA43ts AAFS 98] Figure 4.6°014 2 4 Jd& AAY N+1 ==(Node) ¥EQJEE
AAdste= N7iol et =Z7]e] 2l MIavER yye HsdEd 2dy JIHs
7IRte 2 st} MoorDyne EH3F FA93)E stsA4te] 483 54 dolHe #4248
ae gk A3 dHolE e AlFEYE A4 AdE vl Hrkgk APATE FHAE oln|
Aol AFHAT[4-12].

Figure 4.5 Mooring line discretization and indexing [4-10]
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4.3 [EA FAZTETATE T T4

O.u

B A4 AF

Fra A dEFE AN A" HEl e e ME, viEe]l O R EqE A
Bges 5o A8t AwEE FEREEXN TS 724 B8 FAE AT
A7 B AAA 2RSS A AAAEEY F48H 548 oldske Aol
FolEt Fastth olelgr EIfekstd oA wAeH 54& adcr] #Is
T 2 ARERL, BY 2 FRA FRES SA s FEdAd
&t a4 (Fully Coupled load Analysis)o] &%, drtdo=z A=z 7ide] Fi4
ST Ao 7] AA A, FA AlEHA RES VRte R FFAe §3
SHol  oigk FAo] olFolHn. AR, £ AlFEdeld EEE HAFEEd
Edol=gt ZE9 YA oA EZRNA)Y 37198 g vk3, B9 9] Als v §hE
2 EFAY A 9y wbgy g2 BE 59 58S FOWTY 3§ Al2=H
el A AlEgeldaior gt g 4] AlEdeld Aol Bdl HAE F3s $3
ANE vl 3 AlEg o)A BEEEAAS FooF drf[4-13]

[EA(International Energy Agency) WindTask® %3 dxio] #3 Ar 2 A4E
ZAELI F5E7] Y3t ZA] g8 T2 AEoth, o] TRAEES EF oy Zte)
71%E At %E—:"‘j“ﬁﬂ%ﬂr A g x2 g Bl FEA 2] AA, 9, 74
B aa 34 8 ARS A Sds gdd g FAE T2 ok WindTaske]

o

OC(Offshore Code) IZ2AEE HXHL 3 2a8sy AAs=
AL E = EdAAEA 22 a3 =
dlojgel v B HIFske=d T4 7T T2 AMEHE A HM
IR IAER v AP YA ATA(NREL)Y FAST, 9=+ Garrad Hassan® GH-
Bladed % Bentley systems®] SACS So] F& %‘f%ﬂi’ AT, B Ry o]
Aol EolA e Sy =d=E CFDet dde F8 dE AT

I Aoy Be) B4 AFEE Fasht ATE Ads 9

Oll

TAETFATE T

NREL(National Renewable Energy Laboratory)< 23} Elr%}o FOWTe 7gd A4+
OC3-Hywind[4-1412 <% IEA Wind Task 23 39l 2¢i¢l OC3 Z2AE 2|3
AT FAEATE 1o geEA FOWTe] Ade® ezl 5-MW 3338 237]
AAE Y8 B2 35 7+F 39S d73len, I[EA Task30 OC4 Projectol] <]3f
JOE QAT 4-15]. EF, 0C4 W54 2P FOWT A~He] 54 o5 2 459
AGste= o dg AgEQ o, §AdsAE stE stolA Fg2a gbgaeAle] sk
ARH BIFAYS WA A FA ABdIA L 4@ A wlash s
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Figure 4.8 The slamming phenomena in the model test of Model-1 [4-22]
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Figure 4.9 The layout of 750-kW FOWT model-I and model-II [4-22]
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5.1 AAALH FA

FTEAA79 M (Power Curve) Figure 4.119F o] A
Region-11¢]1 EF Ao} (Torque control) 77+ Region-111¢1 3] X] A
TE 7HET. EAAle] 3k g A Ale] kel AAE AA

F AEES 9l
o}(Pitch control)

%<4 (Rated  wind
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Region-I> #&EFSE o] o] Aol oz 7] EA7F 0ola utgh o 25 offdl
| gom, ugd AlEs fla 2HE 7FEske HlW AREE T Region-l,
o HHHS Sdstete] 3 AF(Cp)E Hstsh=

© =del= XA 2HS Tl TAZFS FA 5

Power, P

1 2
P = Cp*5 pAV

Rated Power

Wind
Speed, V
Vggg—in Yrated y%—ﬂ-ut
Region I Region II Region III
Torque Pitch
control control
Figure 4.11 Wind Turbine Power Curve
Table 4.1 Out List parameters of FAST Simulation
Description Region I Region III
Control Torque control Pitch control
Generator speed Variable speed Constant speed
Pitch angle Constant pitch Variable pitch
Power coefficient Power
Control Target
OELEOT LEE Cp = Cp_max P = P_rated
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Figure 4.13 Flowchart of the Baseline Control System [4-24]
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Table 4.2 Out List parameters of FAST Simulation

Legend Description
GenSpeed Rotational speed of generator
Rotpwr Mechanical power within the rotor
GenPwr Electrical output of generator
RotThrust Rotor thrust
RotTq Rotor torque
RotSpeed Rotational speed of the rotor
BldPitch Pitch angle of blade
GenTq Electrical torque of the generator
TTDspSS Tower—top side—to—side deflection
TTDspFA Tower—top fore—aft deflection
OoPDefl Blade out—of-plane tip deflection
IPDefl Blade in—plane tip deflection
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Figure 4.17 Steady-state responses analysis of 5-MW Spar type FOWT
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4.6 A A38E%Z7A (Design Load Cases)

i A EE Al ' o] MA@ FAee dubE o7 [EC 61400-3-29 ¥5S
W, AA A 9 slE Ao)A~o tiRES [EC 61400-3-18 7|22 HH =
| A8t 2A FRAY S9S st FREAAE S
ol EHolmz DLC 6.19 AA = st F3

& 3 3

Z719)

P9l FRATE AgsAclol T ¢ A7 F45 Lad DIC
= 3

A5 F=-3 (Appendix—

Table 4.3 Simulation design load cases

Description DLC 6.1
Design Situation Parked (Standing still or idling)
Wind Condition EWM Turbulent wind model, (Vhub=Vrer)
Waves Condition ESS, (Hs=Hss0)
Wind & Wave Directionality MIS, MUL
Sea Currents ECM, (U=Uso)
Water Level EWLR
Safety Factor Normal, (1.35)
Abbreviations of Design Load Cases
EWM Extreme wind speed model
ESS Extreme sea state
MIS Misaligned
MUL Multi—-directional
ECM Extreme current model
EWLR Extreme water level range
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dhep zrew A, xR 49 163 misel 5ol FF FAP Ugow
seva AAEGen, E4t7 3= FASTO g JONSWAP A~FHEZS 7|Hio =R
AE QT FF EE2 Turbsim =0 93] A AT Ek HR U4 Q8 (Nacelle
Yaw) &Ux 2HA +8° 0°, -8°9 Yaw 4% ZHS wrgste] FEFAo oidk
AlEH)IAS Fselth [EC61400-3-2914% DLC 6.1¢] tiste] - AIG~(Normal
safety factor)E 1.35% A g3 715 A3}, Figure 4.183 Table 4.49)+ DLC1.69l
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Figure 4.18 Design Load Case 6.1 configuration
Table 4.4 Design Load Case summary
Environment Directions Wind Wave Condition
Turbine Wave & | Yaw |Speed at Current | Water
Operational | DLC | Wind | Wave | Current | Wind Mis— | Error Hub Hs T
. . Level
Mode alignment Height
(deg) | (deg) (deg) (deg) | (m/s) (m) (s) (m/s)
45 0 0 MIS +8,0| 39.92 11.12 14.17 1.63 EWLR
45 45 45 COD +8,0| 39.92 11.12 14.17 1.63 EWLR
45 180 180 MIS +8,0| 39.92 11.12 14.17 1.63 EWLR
225 0 0 MIS +8,0| 39.92 11.12 14.17 1.63 EWLR
E?iﬁleg% 6.1 | 225 | 45 45 MIS +8,0| 39.92 | 11.12 | 14.17 1.63 | EWLR
225 180 180 MIS +8,0| 39.92 11.12 14.17 1.63 EWLR
315 0 0 MIS +8,0| 39.92 11.12 14.17 1.63 EWLR
315 45 45 MIS +8,0| 39.92 11.12 14.17 1.63 EWLR
315 180 180 MIS +8,0| 39.92 11.12 14.17 1.63 EWLR
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Figure 4.19 Hywind Spar Mooring Line Arrangement [4-14]
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Table 4.5 Hywind Spar Platform & Mooring line configuration [4-14]

Description Uuou OC3 Hywind
Total Draft (Depth to Platform Base Below SWL) 75.64 m 120 m
Tower Base (Elevation to Platform TOP Above SWL) 15.36 m 10 m
Platform Diameter Above Taper 7 m 6.5 m
Platform Diameter Below Taper 13 m 9.4 m
Platform Mass, Including Ballast 8,458.1 ton 7,466.3 ton
CM Location Below SWL Along Platform Centerline 594 m 89.9m

Description Definition Modification
Number of Mooring Line 3 3
Angle Between Mooring Line 120° 120°
Depth to Anchors Below SWL 320 m 150 m
Depth to Fairleads Below SWL 70 m 70 m
Radius to Anchors from Platform Centerline 853.8 m 485.4 m
Radius to Fairleads from Platform Centerline 5.2 m 5.2 m
Unstretched Mooring Line Length 902 m 500 m
Mooring Line Diameter 0.09 m 0.117 m
Equivalent Mooring Line Mass Density 77.7 kg/m 300 kg/m
Equivalent Mooring Line Mass in Water 698 kg/m 2567 kg/m
Equivalent Mooring Line Extensional Stiffness 3.4+08 N 1.30E+ 09 N
Additional Yaw Spring Stiffness 98N:iil/?éodoo 981\}?;1/?/’80(100
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Figure 4.20 6-DOF (Degrees Of Freedom) result of DLC 6.1

Table 4.6 The 6-DOF result of DLC 6.1

Platform Displacement
Spar Model Surge Sway Heave Roll Pitch Yaw
(m) (m) (m) (deg) (deg) (deg)
Max. 22.98 8.81 3.22 3.44 6.11 10.36
OC3 Hywind
Min. 0.02 -8.60 -3.30 -3.42 -3.883 -10.24
Max. 31.66 11.09 4.24 3.30 6.13 9.06
5-MW UOU
Min. 1.39 -11.98 -4.27 -3.36 -5.215 -9.12

B54 s gEgadr] Alzade] dubdel HAA @ Alg ez DLC 6.1¢142 Hu)
9] 2] Z}H(Pitch angle)< 6.13°¢] AA QA 15° o|j& whssttial & 4= 9t
[4-25]. 5-MW UOQOU Spar®] 4% ¢ 31.6 me AA(Surge)”} ZAsIA o™, 2(Yaw)
Sl oF 9° Ax ¥AEI T DLC 6.1 % Eglol=7F 90=9] Idling HH 2 ZE 2
s]xdo]l WAEHAl 7] Wil FfA ol ;‘“’Lo}L Hxe] FAAA e FFS
Auf A o &2 wh=th OC3 Hywind Spar®] 7 OH*’FUMWJ =9F A7) 6.5 molH,
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77



_1;!_1:41 o]

m, BaseolA+= 13meolth. whgbas] E Aol HAE 5-MW Spar 3} = 9}
Z5Fo ot FAY9EY eS¢ AA wr] witol| Surge®t Sway SHol © A

st & 5

co
0%
©
e
0
ol
2
sl

ez yol=g)

Tower basef-& &

v w8k vl OC3-Hywind
, Blade rootl‘%-‘l] 2 Tower basef-ol 4 9]
UOU Spar ®delA o A Yetvs= As Ge0d o+ Adv. o=
Aol Al ZE 27 o] 126 mo] A ¥F, OC3-Hywind®] 74 3H Feo]7}
| UOU Spar 29 &BH Fo]7} ¢ 100 m= ¢ & & St
. B3 EREZL AA #Agstng 2 A A

F8
=
R

_0‘11’
N
N
i)
e
i)

. Figure 4.21&

My
Q‘L
¥
lo
:L =

B‘L
¥2
mlo
=

o
MW

B oxe
dL & o2 0z o
o (M

ox
z M ol K

r"rziro
N
gﬁm

O
(@)

5
452 om ooz

N 2

)

v}

Tower basei-¢]

o] t&‘;é‘ﬂoiolt g Aol

kz ¥ (g
ol

o i
f
o

Blade Root Max Moment Tower Base Max Moment

B OC3 Hywind Spar ®5MW UQU Spar W OC3 Hywind Spar ®5MW UOU Spar

20000
17500
15000
12500
10000
7500
5000
2500

Mxy(kN-m)

Mxy{kN-m)

Figure 4.21 Maximum moment result of DLC 6.1

Table 4.7 Maximum value of load response of DLC 6.1

p " Blade Tower
arameter Mxy (kN-m) Mxy (kN m)
OC3 Hywind 16213.868 208785.277
5-MW UOU 16690.883 254043.161
Figure 4.22¢|% AlFgelel] 2&3st= Ho =S dluste] YeRf it
=) gakeke] BU X 2o s AL EHA7] wimoll ZF AlFereld dels Ho g ol
E5 tEX" Spar EEo] Aoz Qs OC3-Hywind®} UOU Spar E 4o 74F4L
oo Aeke skl YElE T 53] AlFekel-304 FHo o] A= o
=3t AN F FEI Fgo] 45°2 FUS A YAslE 2AAA AT
AFee] g8 ggte] T2 AFE w7 utol] AlFEkele] WA




gpgko] BAS FHS] adstoof sttt ARkl s A =E5H Hu
S DNVHAS A (4.4)5 AFE3e] MBL(Minimum Breaking Load)E &3t
got oJHE BAs] Hrom™, Table 4.89] AFekele]l st ofFo ot ZAy=

eI AE[4-26]. 5-MW UOU Spar AlfFzele] A9l Studless chain class R4E

o0

Agsto] AAENeH, A4l 120 mm ¢ wf, Feto] WASHA] FE & 5 Utk
MBL = 0.0274d?(44 — 0.08d) (4.4)

Linel (kN)
7000

—0C3 Hywind Spar
5000 —5MW UOU Spar

3000

0

~1000

Line3 (kN) Line2 (kN)

Figure 4.22 Maximum mooring tension result of DLC 6.1

Table 4.8 Maximum value of fairlead tension of DLC 6.1

Fairlead Tension
Parameter
Linel (kN) Line2 (kN) Line3 (kN)
OC3 Hywind 4068.900 5301.102 6218.036
5-MW UOU 3469.400 4604.600 5409.300

Table 4.9 Maximum Breaking Load result

Description OC3-Hywind Spar 5-MW UOU Spar

Diameter [mm] 117 120

Breaking Load [kN]

12992.392

13572.864

Max Tension [kN]

6218.036

5409.300
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4 33m olskel WF WANGFHRAL TR AT
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6GW TrEe] FfiA s Ly
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o (s

s FE Adsi(Ed) B A AoE EIske #we FAA, AdAH A9t
THEAG[5-11, 12]. FOWT &7]gs Aladoldel= dwr#oz BEM(Blade
Element  Momentum)  ©]&,  GDW(Generalized Dynamic = Wake)  °©]&,
CFD(Computational Fluid Dynamics) ¥ 59 214 Wio] AL&¥vh[5-13, 14, 15].

dukd oz FxEF F&oh= ko wWE FxE9Y FEAA(Strength design)
HhH o 22 BHA 7= (Elastic strength)S vlE o2 3= AderA A (Linear elastic

design)®} A7 E=(Plastic strength)E& WIE o2 3= FesHAEl AA wWHol Qi)

Agetd] AAE 382847 (Allowable stress design)@talke 3 FxEo] Ad <
Ae A sk AVIE 7] FEo] BASE w1t s o R Aldelal, -8
FAES g HEEHS A TIEoRE obe Wyoltt[5-16]. & AAC 3lojA
o] A9 AYed AAR SEsHAR, ddAoR f7A4¢] 35S FRkebAL
ad f1ge]l & Agol dsiAe AAAA BHEES A&sof stk &AAdAEAe A&
o zs &Y, 24, 299H, S5 Fol Atk Fx Ao #HAA FRE 0]
o & Aoy a7 2UES A HIImit state)= HAIE ¢ 9lom, Al

AN = Zes A AR (ULS, Ultimate Limit State), 3 23HAIAE)(FLS, Fatigue Limit
State), AFALSHAIAFEI(ALS, Accidental Limit States), AF&3FAIAEI(SLS, Serviceability
Limit States) &°] At} FESANSEN=(ULS) = H=dt 53 A==z Qs T+

sl FREO P24 WYS Y Sth FESAEULS)E ket
QQlol wel AAH" & Jon dnkgoz Aoz ALtert

AA B2 ST EAI =" Y FRE dAV|E [EC 7AxT %2 DNV-GL,
ABS9] Ztel=glele] F=2 Q& Q. olE V|Ee SAGEAEAAHS V|Ee
Euro Code® LRFD(Load and Resistance Factor Design) =3 Z3txo] AMgEH 11
gom, gTFxEd dig 244 2 AHIS uEgor 3 gAMdAVIE 2 FE=E

AgHAL AET A APt 9

ol
)

2 AFdAME g FEY 3| A3 7 Z71S%  3IH3I 5-MWE  F82
AEEN A 7] A9 TR WA HUEE EHow oA FUstd EAMS E3)
wEE v, 3=, 2{ F 5% AYdAxde dARAEST AEHe 59
et FesiMs A FdtAsts #eE dEstar AAHA FAs T
Tz AT dAANS  FostuA  ITh B3], 23 s Az A9
THAAA S A =EE $HSHS FIeAHAS AT FHskT AR A &5k
Hoh o A4 Qe FRAEE Frstaat g
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B AT W] AA7IE] sl Qlon Al H8AEE B DNV-GL
712[5-171% HHo2 ABS, APl AAVIE & %ol 2/ AH&sglon, &4
SdFE LA aTel gehe YR sexd 2 AR 548 auyste] ULSE
e FRAAE T FRES e st Ik & FelA AEd S
AR steddE Fer AY F Qe R T RES AAE fld]
At ghme] s Agom <l MANE 6-AFR6-DOF)SH dEE F-FA
FAEH e f8 SRANANAS St A AAETEH =EE 48R
S L L I R L S I R S B R
mdge $3eh Ud] AXE0Q] FE GateE A3t 2™, FEM analysis %

O
g

solver+= MS

ATRAN/NASTRANe] 9]3}e] 4=a) & At} Figure 5.1 5-MW £3}3]
FOWTY AA|2¢l F3tes 2uo] A 2 A7

A ARE HoEt

RNA
= [Coordinate Axis System]
» X-axis :
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* Y-axis :
TOWar - Transverse axis, positive 90°
o Z-axis :
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[ISO View] [Top View]

Figure 5.1 FEA Model Description of 5-MW Spar FOWT
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3R A (FEA)S 93 B/A 1229 Rd#S Figure 5.29F o] A4
T/P(Transition Piece)E 2X3te] FREE 7[vke=z &3tz J|F JAE EF
Z38ksto] AAE A RaE stk 9 #(Shel)3 dl T (Deck)? B4 AW (Girder) 2t
2E] Z U (Stiffener)9} TS RE x4 F+A4 84 4 9 4(Shell element)® 249
Ak A 2A(CQUADDE 4 7j9 =t ¥EZS AZst= ApHE Hatoln Hw
w9 9 7tz A 523 vehd = g AA4d 2 Az A 24 w4 (Mesh) 2
7]+ EF 500mm x 500mm "j9te 2 AAE o F ==(Node):= 98,1047 ]t}

=
fretaasa RdES 98 Fxd A=W " A RdEe] g4 54
(Appendix-4)°ll Agstdtt. ZAH S Deck base M&E YEJA L o 2 BE R
B A d4 2 w2 3D Rdygor seld 4= Q= &g
[Structural Drawing] [Inside View]

Figure 5.2 3D Finite Element Model of Floating substructure
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2 %E—Z’IHEL{ st FxEo A AEE duk AZMild steel) A Grade ¢F
e wglem, 7+ A

e AEA3 Y g Fo Ayt 5l %}
191 wet Table 5.10 Aelskdt. %9

=S
5o
v 2
flo

Ao g (Yield
stress)°] 265 MPa oldelw, ZAnoA A TFH Ale HE= =07 99
AHEETh HT36 A4 574 %7F 3556 MPaolm], 1 A% 4 490 MPaclt}. ¢
Hoh ¥ 52 HT40 == Aoy Addke] ZAlAM ARSE7]= st f2adelA =

[e)
AurA o7 AR E | grth [5-20]. AdtolA nFHEFEe AA AY
F2 7]98t= dl=Z(Deck) 2 H}E‘(Bottom) TZ
Range)w ®7(Tanker) A4te] A5 sphe] stEe g 1%

oy oo
i
ﬁ o
EE
=
@
[@N
=
=)

oJUlE AREET. He s ?fﬂ’ & A AEs Y] Boe g g
Fo ooHoR QIF wEe JHE o FaAsta glon, 53 AN sdofu=et 2
il -9lell= AH36/DH369 22 ag34E 48sti.

Al B AT EEdrie] BEeE x84+ DNVGS-ST-
0119°¢t 'DNVGL-0S-C101’el w 57k 58 7]&9 a7 8-S F5as
dAHden, FxEd g A AA &9 74 84 9 von Mises w7F &9
A7 AR A4 golop Fuh[5-21]. I, ABS MODUel uwte}l A2 &tF a4
FAAS 1.43& AHEEFITH5-22]. Table 6.1 A8 54 2 <HAASFE 119
A7 F8 S8 HolE

°ﬂ“
:S

o

Table 5.1 Material Property

Description Mild steel (GradeA) AH36 / DH36

Elastic Modulus (MPa) 206000 206000
Yield Stress (MPa) 235 355
Tensile Stress (MPa) 400 490
Poisson’s Ratio 0.3 0.3
Material Factor (k) 1 0.72
Safety Factor (S.F) 1.43 1.43

Allowable Stress (MPa) 164.34 248.25
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ERe]  SHEZ A et 23 s xEe] FERE T/P(Transition Piece)  ARo] 9]
EEJAL FE REd= FA4sIglon, EES 37HA WAosE RUEste] QA4F3
e BEedd vEE BA39Y). Figure 5.4% RBE3 824, RBE3¢F ¥ 849 %3}
5 84 5 BE dAdd digk Al 7HA REE T 3AE BoFErh FAE 4
849 Y= 947 747 Rdgste] 4] AWE 8wkl

grdor ®© 109 579 nHE BEE SO 898-10 wel AMgEHem g Ax
5742 Table 5.2¢] YEFATH[5-23].

Table 5.2 Material properties of bolt

Tensile Strength
Grade (MPa) Stress under proof load (MPa)
10.9 1,000 830.0

FA0 A58 »e,
RERLY RACKH ! 178 /O Ml MLk b
ORI SRESH 0N BLINENT WM L W g i M A

Bolt
- RBE3«BEAM

/ 4
o /. ap
//

o

balid

oWwe \
- | RIE AN

K,

=

i

e

7 om

SN W
VAMED 3T WP MOV LUYERED)

Figure 5.4 Various element representation of a bolted joint connection
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5.4 AA A&3%
5.4.1 +&% 3%

S asmde AH83 FxAZE AHABE Table 5.37 #t}. 2316 tond sEsi=
FOWT A28 AAY FX3%5S FE EE2EHSE Ei ZE Q4o HHEsA
vl sl o, FOWTS AA| 43S FASEE By HE5A9 vlgarztx] 4249

e} 2H8-5 =5 9338 tond] ¥ (Buoyancy)
Zbetieh Y, FAYE WHAES AFS
Wae] FA sl F7ekSith Figure 5.5 FE

% EEYE W

Wy o

AN E

Table 5.3 Allowable Stress

3
p
R

s 20 H48d As B

T (Hydrostatic pressure) 3}5 2.2
2o Zesl= ASer =1 YE

==
T

Description Value
Structure Weight 2316.24 ton
Buoyancy 9338.12 ton
Permanent Ballast 3093.90 ton
Water Ballast 3522.50 ton

[Hydrostatic pressure]

Water

Hydrostatic
pressure

~ Concrete

[Ballast water pressure]

Figure 5.5 Visual representation of structural loads
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5.4.2 34 3%

5.4.2.1 F3}% (Wind force)

TE= AEste Fote v HR¢ nigtel] =EH FX2E9 WA JIFS
et Feks AMES 918l ABS MODU 7= Fastglon, Satge] A7l 349
Aol vEsgs & & Adrk 50d F719 FEESS A Tt dYEA RS
S =EH dHzo] A9 108 HieE<d 39.9 m/s7t AE38lth FAAIGF(Co)E=
%3 (CylindricaD¥ S 2#3to] 0.5= o AFCE U0 mo=

2 gahg om,
S

BE &8 FA(100 m)7HA 1.0 ~ 1.48< o] Wa #8313t}

FE Zdlo] #838l= FT3loS I 2L F2Eold wel A (5.1)8 AFEste ®
Table 5.4¢F #o] 4= stzo=z HEstom, FOWTe| &3t AA| Fshzol
27.89ton¥Y S & 4 Ut

P=f-VZ:-Cy Cs (5.1
o] 7] A,
f: 0611
Vi + Wind velocity (39.92 m/s)
Cy, : Height coefficient (According to th height, 1.00 ~ 1.48)
C, : Shape coefficeint (Cylindrical shapes, 0.5)
Table 5.4 Wind Force Calculation
Height above Flrojection Heligk.lt it Wind Force
water line (m) Parts Area Coefficient Pressure (ton)
(m2) (Ch) (N/m2)
00 ~ 15.3 Platform 72.52 1.00 486.85 3.60
' ) Tower 32.50 1.00 486.85 1.61
15.3 ~ 30.5 Tower 76.16 1.10 535.53 4.16
30.5 ~ 46.0 Tower 68.20 1.20 584.22 4.06
46.0 ~ 61.0 Tower 66.00 1.30 632.90 4.26
61.0 ~ 76.0 Tower 65.16 1.37 666.98 4.43
76.0 ~ 91.5 Tower 60.74 1.43 696.19 4.31
91.5 ~ 106.5 Tower 19.84 1.48 720.53 1.46
Total Area 461.12 4788.38 27.89

88



5.4.2.2 3}33}% (Wave force)

TERE gt gFgetee ke Folok FxES FAd JFS wer
ggets 4AHES 9lsl DNV-RP-H103 7|&S Fasigleow, ugstse Z7|e
TxEo Al wE  dHbE A= (Reflection coefficient)?} 9 3tar(Hs)el Aol
vEEgs & 4 Ao 50d 719 Fetvlae oA sEleke] SYE RS S
E=Ed 1112 mE A&sisier, wEAFRo)E 74 Adddds 2yt 0.88%
g3k Th

FE 2do] =83 vhare whEh ALEA(5.2)& A}
Table 5.59F o] ¢¥ sFoz Hgsdon, FOWT zHgshs dA s#stzol
3

159.50ton¥ S &

rr
i
ot
b
ol
tjo
ofk
o
s
ofo
QL
e
=5

Fyqa= 1/8-p,-g-R?* B-H? (5.2)

o1 7] A,

py : Density of sea water (1025 kg/m?)

g : Gravity acceleration (9.81 m/s?)

Rc : Reflection coefficient (Vertical cylinder, 0.88)
H, : Significant wave height (11.12 m)

B : Breath of towed object (13 m)

Table 5.5 Wave Force Calculation

Breadth of Towed Reflection Smitiezt Wave Force
TYPE . . Wave
object (m) Coefficient (R) . (ton)
Height (m)
Spar 13.00 0.88 11.12 159.50
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st REd gk 2Fekse 2FY 5% FaA FHsye Mg 2w
a8 x¥ A JEFgs et 2fFcske S f8] ABS MODU V&
Fastglon, 2FeEY A7E 59 Alwel vlEds & Ak S8 FAH oA 9
2F FE2 dA sEcky dgEARAS B8 =E5E 144 m/sE A8 oH,
FHAT(Cp)= 9EF(Cylindrical) Y-S 3188t 0.625 4833 th

1(5.3)& A3l ¥ Table 5.63 o] ¢
A ZF3FF0] 31.85tondS <& 4

Fp=(C/2) D Cp-uy - |uyl (5.3)

o1 7] A,

C : Density of sea water (1025 kg/m?)
g : Gravity acceleration (9.81 m/s?)

Cp : Drag coefficeint (Cylindrical, 0.62)

u, : Componenet of the velocity vector (1.44 m/s)

Table 5.6 Current Force Calculation

Projected Drag Current Current For
TYPE Area Coefficient Velocity “ ?ton)o e
(m2) (Cd) (m/s)
Spar 1058.48 0.62 1.44 42 .47
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[Wind force] [Wave force] [Current force]

[Top View]

L.

Figure 5.6 Visual representation of environmental loads
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5.4.3 24 3}% (Motion load)

APFYBAN LG FpTEE ud] g% /14 sFsE v

RS 3 4
oF ARMAENAA  Fga BAeF] AT Wi prBoh oY
ERA% Qe welsts] gste] eu A wAlGA EHEZA4 (DAF, Dynamic

8 A
Amplification Factor)E Z-&3}7] = AE5r7t 3gstso
F71eF 7)o Frlo T A, DAFS] A 8o] sEFx AeHS FAHSH
et Al "o oldd oR/E WAsty] s S ste dAAdHAlS FI dRE <lg
L g B o e pE oI B & &

i}
Asol dgk FA TS el FHstT A EHIAS A&k gt

2 oAt FAST AlEdolde] 53 a4y A#s 53 64fre] 24 2
MR e dglon, By JFEER FE mdd H83sith DNVGLe Ad E[5-
241 E MW 6-AfE Bl UF EEE 73 & Atk E(Rol) R

Aron = fpb — (2_17)2 (5.4)

71 A,
ap : Acceleration parameter (m/s?)
fp + 1.0 for extreme sea loads design load scenario
0 : Roll angle (deg)

Ty : Roll period (s)

T3S 9g stsx7(Load Cases)S AA3 7] 9lske] Table 5.73% FOWTe] 7}
T8 HQJo &= dFFo] Max #ol UeE 127HA4=2 FE3sta LC1 ~ 122
ARSIy, 18]l Figure. 5.73 o] 371A] 34 whgke]  osfe]  FAST
AN E AFd sidn SAstEe AL WEe AS, TS ST
HEAQ HAES f8A oA S48 sjd71dTole sidsd A A =& v
WEkQl 45°, 225°, 315°F Vlwow =% dEAd Y Fok, dEets R XReksel
FAlOl 2ZHgeE o2 MAASFTE Table 5.8 ZF LCH #&3sh= #4359
Wakel we FiaAe 6-Aree sAsH Adgs Jeddd =" 6-Ar o
WA (Pitch), ERol) 7FHEES ghs 7ML F718 Fella, A7HEER X st
AlE# ol oA Bagt T4 sts o R skl
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} FPS AT 9674 DLCO AEE H=-5 (Appendix-5) g3ttt
oA g ZAsks w@he LCE 87HA Aolxz Zpztel &3 ¥jx] aeal §|H
Aol 47t () wWet ()Y WE Edste 87HA EAsgo] AgHs 2R
96 Aol == M5 skl

Table 5.7 Load Cases [3-6]

Load Case Description
LCO1 Max. X-dir. Moment (Tower base)
LCO2 Max. Y-dir. Moment (Tower base)
LCO3 Max. Z-dir. Moment (Tower base)
LCO4 Max. X-dir. Force (Tower base)
LCO5 Max. Y-dir. Force (Tower base)
LCO6 Max. Mooring Tension
LCO7 Max. Surge Motion
LCO8 Max. Sway Motion
LCO9 Max. Heave Motion
LC10 Max. Roll Motion
LC11 Max. Pitch Motion
LC12 Max. Yaw Motion
[Wind Rose]

Wind , Wave,

Current

=45°

\

225°

'/

X

]

Wind , Wave,
Current
=315°

Wind , Wave,
Current
=225°

.
'd

Figure 5.7 Co—-directional Load Case Condition Plot
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Table 5.8 Dynamic motions of 5SMW FOTW platform

Surge Sway Heave Roll Pitch Yaw
Enviro | Displacem | Displacem | Displacem | Displacem | Displacem | Displacem
Case | nment ent (m) ent (m) ent (m) ent (Deg) | ent (Deg) | ent (Deg)
No. Angle g 5 i
(deg) Accelerati | Accelerati | Accelerati Accce)ilerau Accce)ileratl Acccenl]eratl
2 2 2 . . .
16.17 -18.98 -3.38 6.82 3.71 13.63
LCO1 45
1.578 -1.685 -0.836 1.209 1.113 5.568
-19.01 25.90 -3.57 4.60 -4.19 3.28
LCO2 225
1.540 1.564 -0.809 1.025 0.933 1.914
14.65 18.97 -3.37 -6.59 3.68 -19.13
LCO3 315
1.602 1.694 -0.845 -1.25 -1.148 -9.355
16.56 18.35 -3.43 -6.33 3.96 -14.84
LCO4 315
1.589 1.677 -0.8437 -1.198 1.078 6.945
16.17 -18.98 -3.38 6.82 3.71 13.63
LCO5 45
1.578 -1.685 -0.873 1.209 1.113 5.568
16.34 -20.33 -3.85 7.24 4.89 9.55
LCO6 45
1.425 -1.408 -0.726 0.912 0.957 1.913
-19.33 26.45 -3.87 5.16 -4.69 1.94
LCO7 225
-1.395 1.392 -0.685 -0.871 -0.900 -0.668
-19.33 26.45 -3.87 5.16 -4.69 1.94
LCO8 225
-1.395 1.392 -0.685 -0.871 -0.900 -0.668
-19.33 26.45 -3.87 5.16 -4.69 1.94
LCO9 225
-1.395 1.392 -0.685 -0.871 -0.900 -0.668
16.34 -20.33 -3.85 7.24 4.89 9.55
LC10 45
1.425 -1.408 -0.726 0.912 0.957 1.913
13.70 -20.73 -3.79 7.12 -4.96 11.98
LC11 45
1.453 -1.408 -0.724 0.934 -1.005 -2.408
13.20 19.39 -3.23 -6.42 -3.75 -19.80
LC12 315
1.605 1.662 -0.842 -1.224 -1.116 -9.519
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Table 5.9 Maximum Equivalent Stress of the plates

Load Case Environment Max. .st.ress Equivalent Allowable Result
Angle (deg) Position stress (MPa) | stress (MPa)
LCO1-2 45 Fairlead 217.12 248.25 Satisfied
LC02-8 225 Fairlead 181.35 248.25 Satisfied
LC03-4 315 Fairlead 215.38 248.25 Satisfied
LC04-4 315 Fairlead 214.59 248.25 Satisfied
LC05-2 45 Fairlead 217.12 248.25 Satisfied
LC06-2 45 Fairlead 218.12 248.25 Satisfied
LCO7-8 225 Fairlead 182.87 248.25 Satisfied
LCO8-8 225 Fairlead 182.87 248.25 Satisfied
LC09-8 225 Fairlead 182.87 248.25 Satisfied
LC10-2 45 Fairlead 218.12 248.25 Satisfied
LC11-2 45 Fairlead 217.73 248.25 Satisfied
LC12-4 315 Fairlead 214.79 248.25 Satisfied
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Table 5.10 Maximum Equivalent Stress of the flange

Allowable Stress

Bolt Element Part Stress (MPa) (MPa)
RBE3 Flange (Shell) 88.9 248.25
RBE3+ Beam Flange (Shell) 115.9 248.25
Solid Flange (Shell) 140.5 248.25
RBE3 Flange (Solid) 211.0 248.25
RBE3+ Beam Flange (Solid) 201.4 248.25
Solid Flange (Solid) 179.9 248.25
Table 5.11 Maximum Equivalent Stress of the bolt
LCO1 45 369.65 830.00 Satisfied
LCO2 225 282.27 830.00 Satisfied
LCO3 315 362.07 830.00 Satisfied
LCO4 315 350.63 830.00 Satisfied
LCO5 45 369.65 830.00 Satisfied
LCO6 45 386.75 830.00 Satisfied
LCO7 225 304.91 830.00 Satisfied
LCO8 225 304.91 830.00 Satisfied
LCO9 225 304.91 830.00 Satisfied
LC10 45 386.75 830.00 Satisfied
LC11 45 382.94 830.00 Satisfied
LC12 315 354.44 830.00 Satisfied
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Figure 6.6 Drop testing machine & Dimensions of cylinder model [6-11]

Table 6.1 Impact test conditions and material properties of the stringer—stiffened
cylinder model [6-11]

Description Value (Unit)
Drop height, H 1600 (mm)
Impact velocity, v 5.6 (m/s)
Striking mass, M 500 (kg)
Kinetic energy, Ej 7848 (J)
Yield strength, oy 335.9 (MPa)
Ultimate tensile strength, oy 417.0 (MPa)
Young's modulus, E 210,200 (MPa)
Hardening start strain, egg 0.0223
Ultimate tensile strain, &g 0.1727
Fracture strain, &g 0.3811
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X
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THEZ A¥d,
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o] 7] A,

Cs : Indenter shape factor

(Cs = 1:Hemisphere indenter; 0.81: Knife- edge indenter; 0.68: Rectangular indenter)

C;, : Impact location factor

Cp * Impact angle factor
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Figure 6.10 FE analysis model shape of striker [6-14]
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Figure 6.14 Visualization of stress distribution

Table 6.3 Comparison of the maximum displacement from numerical results

Case 2 Case 3

Case 1

Plastic
deformation

(Original structure &
sharp striker)

(Reinforced structure
& sharp striker)

(Reinforced structure
& square striker)

Numerical result

38.05 mm

35.54 mm

13.58 mm

Reduction

0 %

6.59 %

64.31 %
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Table 6.4 Main properties of the vessels used in simulations
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Figure 6.16 Illustration of collision scenario (90 degree and 45 degree)
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Averaged plastic deformation after collision
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Figure 6.18 Comparison of time series deformation history after collision
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Figure 6.19 Comparison of the maximum equivalent stresses after collision

Table 6.5 Damage comparison according to the collision direction

Type Case 1. ' Case 2' .
(90 deg. collision) (45 deg. collision)
Plastic deformation 48.07 mm 53.52 mm
Von Mises Stress 503 MPa 533 MPa
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Table 6.6 Comparison of residual strength values between intact and damaged

FOWT
Description Value (Unit)
Intact FOWT (Mint) 328.9 (MN.m)
Bending Moment
Damaged FOWT (Muyp) 315.5 (MN.m)
Deviation, (Mint—Mup)/Mup X 100 4.3(%)
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The Durability Study of Spar-Type Substructure for
5—MW Floating Offshore Wind Turbine based on
Environmental Conditions in East Sea of Korea
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Abstract

Recently, the international community has recognized the importance of utilizing
renewable energy as a way to solve the global warming problem and is making
efforts to achieve the goal of “Net-Zero carbon emissions” by accelerating
technology development. Among various renewable energy systems, floating
offshore wind turbine (FOWT) can be installed in deep waters far from the coast,
and can further improve energy production capabilities because they can utilize
better wind resources than land-based or fixed offshore wind turbine systems. In
addition, it has the advantage of simultaneously solving the problem of civil
complaints caused by noise and the problem of space constraints for installing wind
farms. The domestic industry of floating offshore wind turbine to achieve its target
of 12-GW power generation capacity by 2030, the need to develop a variety of
offshore wind turbine infrastructure is further highlighted by utilizing Korea's world—
class shipyard facility infrastructure to construct wind farms. However, the design
of the FOWT system is more complex than that of the existing fixed wind turbine
system due to the interaction between the aerodynamics of the wind and the
hydrodynamics of the waves. In order to develop a stable FOWT system, it is
necessary to evaluate the stability and movement performance of the floating body
through a simulation technique that can control the entire power generation system
at the top and the floating structure at the bottom. Also, complex marine
environmental conditions that affect the behavior of floating structure, such as
waves, wind, currents, and water depth in the installation sea area, must be
sufficiently analyzed and reflected in the design. In the case of numerical analysis,

the complex interaction between the upper power generation system and the lower

136



floating structure is verified through fully coupled load analysis. However, since the
design of a floating structure through numerical analysis alone involves uncertainty
In system operation in an actual complex marine environment, the reliability of the
analysis technique must be secured through comparative analysis of model test and
fully coupled load analysis. Also, it 1S necessary to evaluate damage residual
strength to predict damage scenarios that may occur during operations of the FOWT

system and to determine maintenance of the structure even in the event of damage.

In this study, constructs the structural configuration of a 5-MW class spar—-type
floating offshore wind turbine that can be operated in the 150 m deep water area off
the East Sea of Korea. And then, the goal is to propose a durability evaluation
technique for the spar—type substructure of a 5-MW floating offshore wind turbine,
whose structural reliability has been verified through residual strength evaluation
even in its original condition. FAST was used as a fully coupled load analysis
program for configuring the entire FOWT system, and the reliability of the FAST
analysis was verified based on [EA international joint research and prior research
experience in semi—-submersible water tank model testing. In addition, a control logic
suitable for floating offshore wind turbine was constructed, the operation and
movement performance of the spar—-type FOWT were verified through steady-state
analysis, and the initial shape was determined. In order to analyze the marine
environment in the area near the East Sea gas field, the extreme environmental load
was derived using actual measurement data from ocean data buoy. In order to apply
the derived ultimate load and dynamic response from fully coupled load analysis as
load factors for finite element analysis, detailed structural design was performed
and various design load conditions were applied to the analysis through finite
element modeling of the floating structure. In addition, plastic deformation of the
substructure was confirmed by performing collision analysis based on the possibility
of unintentional collision with the ship during passage and maintenance of the ship
within the wind farm. Finally, a collision analysis with a ship was performed on the
FOWT system, and the extent to which permanents damage to the structure affects
the reduction of the residual longitudinal strength of the FOWT system when an

external force is generated due to bending moment was evaluated.

Based on the results of this study, we hope that collision damage and residual
strength evaluation guidelines that can be applied to floating offshore wind power
generators will be established so that floating substructure design and durability

evaluation that can apply damage tolerance design can be performed.
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H5-1 (Appendix-1): Wind Turbine Standards

[EC 61400-1

IEC 61400-3-1

[EC 61400-3-2

IEC 61400-4
IEC 61400-5

[EC 61400-6
[EC 61400-11

[EC 61400-12-1

[EC 61400-12-2

[EC 61400-12-4
IEC 61400-13

[EC 61400-14

[EC 61400-21

[EC 61400-23
[EC 61400-24

DNVGL-ST-0119
DNVGL-ST-0126

DNV-0S-C101
DNV-0S-C103
DNV-05-C105
DNV-0S-C106

DNV-0S-C301
DNV-0S-D101

IEC Standards

Wind energy generation systems (Part 1: Design requirements)

Wind energy generation systems (Part 3—-1: Design requirements for
fixed offshore wind turbines)

Wind energy generation systems (Part 3-2: Design requirements for
floating offshore wind turbines)

Wind turbines (Part 4: Design requirements for wind turbine gearbox)

Wind energy generation systems (Part 5: Wind turbine blades)

Wind energy generation systems (Part 6: Tower and foundation design
requirement)

Wind turbines (Part 11: Acoustic noise measurement techniques)

Wind turbines (Part 12-1: Power performance measurements of
electricity producing wind turbines)

Wind turbines (Part 12-2: Power performance of electricity—-producing
wind turbines based on nacelle anemometry)

Wind energy generation systems (Part 12-4: Numerical site
calibration for power performance testing of wind turbines)

Wind turbines (Part 13: Measurement of mechanical loads)

Wind turbines (Part 14: Declaration of apparent sound power level and
tonality values)

Wind turbines (Part 21: Measurement and assessment of power quality
characteristics of grid connected wind turbines)

Wind turbines (Part 23: Full-scale structural testing of rotor blades)

Wind turbines (Part 24: Lightning protection)

DNVGL Standards

Floating wind turbine structures

Support structures for wind turbines

Design of Offshore Steel Structures, General (LRFD Method)
Structural Design of Column Stabilised Units (LRFD Method)

Structural Design of TLPs (LRFD Method)

Structural Design of Deep Draught Floating Units/Spars (LRFD and
WSD Method)

Stability and Watertight Integrity

Marine and machinery systems and equipment
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DNV-0S-E301 Position Mooring

DNV-0S-E302 Offshore Mooring Chain

DNV-0S-E303 Offshore Fibre Ropes

DNV-0S-E304 Offshore Mooring Steel Wire Ropes
DNV-0S-J101 Design of Offshore Wind Turbine Structures
DNV-DS-J103 Design of Floating Wind Turbine
DNV-RP-C201 Buckling Strength of Plated Structures
DNV-RP-C202 Buckling Strength of Shells

DNV-RP-C203 Fatigue Design of Offshore Steel Structures
DNV-RP-C204 Design against accidental loads
DNV-RP-C205 Environmental Conditions and Environmental Loads
DNV-RP-C207 Statistical Representation of Soil Data

Determination of structural capacity by Non-linear FE analysis
methods

DNV-RP-H101 Risk Management in Marine and Subsea Operations
DNV-RP-H103 Modelling and Analysis of Marine Operations

DNV-RP-CZ208

ISO References

Petroleum and natural gas industries — General requirements for

150 19900 offshore structures
Petroleum and natural gas industries — Specific requirements for

ISO 19901-1 offshore structures — Part 1: Metocean design and operating
conditions

1SO 19901 -2 Petroleum and natural gas indust.rieg - Specific requirements fgr '
offshore structures — Part 2: Seismic design procedures and criteria
Petroleum and natural gas industries — Specific requirements for

ISO 19901-4 offshore structures — Part 4: Geotechnical and foundation design
considerations

1SO 19901-6 Petroleum and natural gas industries — Specific requirements for

offshore structures — Part 6: Marine operations
Petroleum and natural gas industries — Specific requirements for
ISO 19901-7 offshore structures — Part 7: Station keeping systems for floating
offshore structures and mobile offshore units
Petroleum and natural gas industries — Floating offshore structures -
Part 1: Monohulls, semisubmersibles and spars
Mechanical properties of fasteners made of carbon steel and alloy
ISO 898-1 steel — Part 1: Bolts, screws, and studs with specified property
classes — Coarse thread and fine pinch thread

ISO 19904-1
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ABS

ABS
API RP 25K

API RP 2FPS
API RP 2T
(R2015)
APIRP 2T

BS 7910

BV, NI572
EEMUA 194
EN 1537 Ex
EN 1993-1-1

EN 1993-1-8

EN 1997-1

IMO MSC/Cirec.
1023-
MEPC/Circ.392
IMO Resolution
MSC.267 (85)

ITTC

NACE Standard
RPO176
NORSOK
Standard M-501
NORSOK
Standard M-503

Other References

Guide for Building and Classing Floating Offshore Wind Turbine
Installations

Guidance Notes on Global Performance Analysis for Floating Offshore
Wind Turbine Installations

Design and Analysis of Stationkeeping Systems for Floating Structures

Recommended Practice for Planning, Designing, and Constructing
Floating Production Systems

Recommended Practice for Planning, Designing, and Constructing
Tension Leg Platforms

Planning, Designing and Constructing Tension Leg Platforms

Guide on methods for assessing the acceptability of flaws in fusion
welded structures

Classification and Certification of Floating Offshore Wind Turbine

Guidelines for materials selection and corrosion control for subsea oil
and gas production equipment

Excution of special geotechnical work — Ground Anchors

Eurocode 3: Design of steel structures — Part 1: General rules and
rules for buildings

Eurocode 3: Design of steel structures — Part 8: Design of joints

Eurocode 7: Geotechnical Design — Part 1: General rules

Guidelines for Formal Safety Assessment

International Code on Intact Stability (2008 IS CODE)

Guideline 7.5-02-07-3.8 = Model tests for Offshore Wind Turbines

Corrosion Control of Steel Fixed Offshore Structures Associated with
Petroleum Production

Surface Preparation and Protective Coating Rev. 4

Cathodic Protection, Rev. 2
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H-5-2 (Appendix-2): Model Test of 750-kW FOWT
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A.2 750-kW FOWTe =g A
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Figure A.1 The slamming phenomena at model test of Model-1 [4-22]
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[Model-1]

60.0m 54.0m

Air gap: 19.9m

[Model-II]
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Figure A.2 The layout of 750-kW FOWT model-I and model-II [4-22]

Table A.1 Maximum Breaking Load result

Description Model-I Model-II
Rated power, P [kW] 750 750
Rotor Diameter [m] 54.2 54.2
Hub Height [m] 60 47
Cut—in, Rated, Cut—out Wind Speed [m/s] 3,11.1, 25 3, 11.1, 25

Rated rotor speed [rpm]

25 (gearless)

25 (gearless)

Blade mass (lea) [kg] 2,097 2,097
Tower mass [kg] 67,010 44,885
Nacelle mass + rotor mass [kg] 50,556 50,556
Water depth (h) [m] 50 50
Platform mass with ballast [kg] 2,097,000 2,071,000
Displacement [m3] 2229.0 2203.5
Design draft of the platform [m] 8.7 8.7
Center of buoyancy (CB) from the SWL [m] 6.25 6.24
Center of mass (CM) from the SWL [m] 5.215 3.572
Total wind turbine pitch moment of inertia about 6.67E+ 08 4 98F+ 08

the CM of total wind turbine [kgm2]
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Table A.2 Scaling factors when applying Froude scaling law for the model test

Description Value
Length (including wave height) A
Area A?
Volume A7
Mass A7
Time A%
Frequency (Rotor rotational speed) 700
Velocity (Wind speed, Wave celerity) A%°
Force (Wind, Wave) A7

Figure A.4 Model-scale layout of the 750-kW FOWT platform

Table A.3 Scaled dimension of the platform (1:40)

Dimension (mm)

Full scale Model (1/40)
A 28,000 G 500 A 700.0 G 12.5
B 16,167 H 3,000 B 404.2 H 75.0
C 7,000 J 3,600 C 175.0 J 90.0
D 12,000 K 8,083 D 300.0 K 202.1
E 8,700 L 4,089 E 217.5 L 102.2
F 9,700 F 242.5
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A3.2 28 AF

750-kW &9 ERIL wbe B]le] B s FxRER AAEY, dd
9.7m= =3 e AR ZPF EdW S 9T 5 Jd=F ALEHATH
s EFAEFY FxE 309 ¥ A9y A7y A" F(Main) AHOE FAEHM,
59 A-YrE o & A4S ztev 5 AR Afolm A" AR AdY Ho 2
AAS z+= EZE(Pontoon) T35 7HA 1 9ow, ZAZ ) A} shge] Q= ALY
EHA(Truss)® A4H0

2y Az A, F 2AUYFUl scale) B A} AAMHIE M O dER
AAE ool By o AFGE FAA AdE A& F vk wEbd, 2E e w4
EAES A Adsty] s dF% EEXE AEs] 24F 5 E=F 3D RUY
TR CATIAE AMgete] &tf FxE RIS AAleta AS AAE Edste
FASA 2 34 BHEE ALsGlth Figure ASE s ZHE 28 A B34S
vebdY, 22 HAEE A4 (Fresh water)oll Al AAIFEHonZ B3 7k A5 UEE
aste] Absilon, SdE RS Goto] o3k Wyo] mdle] ATk B IS
= 7 W7 "Ee FE HE2EE Fdsth. F 2AGI AFE 2y AdS

Figure A.5 Platform Production Process
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Table A.4 The properties of 750-kW wind turbine floating substructure.

Description il uletel Measured Difference
scale scale

Water depth [m] 50 1.25 1.25 0 %
Platform mass with ballast [kg] 2,071,000 31.57 31.50 -0.22 %
Center of mass below SWL [m] 3.572 0.089 0.090 1.12 %
Platfor;n roll inertia about CM 3 144F+ 8 9955 2938 20 %
[Kg*m~]

Platfor;n pitch inertia about CM 3 099F+ 8 9951 2938 0.5 %
[Kg*m~]

FOWT %7] AAZ 93
FPATE AHAsel 2E glolw
Hxag AR F oglov, ol

A7d sl oF H[A-3].

AT AE AA g FEEAY} sde ZEE st 2H 3 ogh
st BHE R E3eto] FASA S Ayt AFEE Y F AT itk
2 sdEEddrie] 49, delws ¢ ZRE FE5 FAld WA= 3o
E7bsetth. wekA dA A 2ES ZRE Fo] gk AU AL, FEEH
Edolse FEH AdAE Bt W42 Holgs & dYdiE =& 8 M F
AEF eFlet. weh, B3 FAIQl 33gS w57] $18te] Figure A.67 22 45 AA
Edol=5 AFetala, Il iWele & AFPe FsA &t S SA)
At BFY Aol E¥AE(Thrust) AAE AR stal 9t 88 87 93
FZ AR E 53 5 AP FYIT

[Redesign Blade airfoils] [3D Modeling of blades] ~ [Manufacturing of blades]
(Changed to Drela AG04 airfoil)

Figure A.6 The CFRP blade of wind turbine model
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Ass GAsEH

(G2 fdst Eetag)on SHols BYgs =1

53 43 ARZ AFEJeH Figure A.89] Ry Z} UdAsh= AS Table
A.5°] RNA = EFele] 2g o] spetuE Hlag S8 & = ot 2]
AFL 2 % o Hx TFE UHFAVES TAFEAJSCH, FOWT Al2="e 51 %

A 3% o= A

[CAD Modeling of RNA] [Blade Motor]

Figure A.7 The Blade motor & thrust sensor of wind turbine model

Internal

HIm] DIm] Tim] e ey
0.000] 3.6000) 0.020d 800.00
0.105] 2.6000] 0.0209 5.25|
2.299 2.6000) 0.0209 114.7d
4.693 2.6000) 0.0209 114.79
6.987 2.9510 0.0209 114.79
7.092 29519 0.0209 705.25
7.197 29510 0.0199 705.25
9.940 2.798¢| 0.0199 137.19
12.693 2.6461 0.0199 137.69
15.458 2.4927 0.0180 138.29
18.233] 2.3388 0.0138Q 138.75
21.019 2.1842 0.0180 139.3d
Height at blade tip 232.814| 2.0299 0.0170 139.849
Unloaded) 26.625 1.8732) 0.0179 140.45
_— 29.444| 1.7168 0.017d 140.95
- 21.55( 1.6000 0.017Q 105.29
34.353 1.8120] 0.0179 140.19
24.443] 1.8120 0.0130Q 330.509
24.533 1.8120] 0.0180 330.50
35.580] 1.9020] 0.018d 52.39
35.710 1.9020 0.018d 438.59
Total tower mass = 44.885 tor‘

Figure A.8 The Blade motor & thrust sensor of wind turbine model
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Table A.5 The properties of 750-kW wind turbine floating substructure.

Description slzzllle l\ﬁfjleel Measured Difference
Rated thrust force [N] 123,600 1.931 1.913 -0.94 %
Blade mass (lea) [kg] 2,097 0.033 0.033 0.00 %
Rotor mass [kg] 13,286 0.208 0.200 -4.00 %
Nacelle mass [kg] 43,300 0.677 0.702 3.56 %
Tower mass [kg] 44,885 0.701 0.720 2.64 %
Total mass of wind turbine [kg] 95,441 1.491 1.520 1.91 %
Total mass of FOWT [kg] 2,166,441 33.850 33.020 -2.51 %

Figure. A.9% 3dleFaar% oAl 750-kW FOWT R3e] g AE ux& Jehd

Z ~AY 2o AF WAL ZAMozHE IPAZA 314.0 molH, o IS
7o w2 BFPol AFHIEL 7.85 molth BIFE Fupr]oA ok 9.64m "ol Fx

Sl AAEJeH, wigd greol  ZAgwE FEUHr] AWs FetEs
AA AT, B AR 98 A BAZA 7.813meltk. 3 /1Y AlFERlS
1205 HA o= dAS olFa Jdom, F4(1.25 m< wEetr] &l AR Heoles
ARt AlFH el 5] dol= HAIT AR o]$9] AFAde] Heolg A v F
ALEE Fwe dojd mE T3, FA = IAE A7 Hs| oF 40kgo=
Al #Fx] Ak

\

E Wind 8 wave \\
% \ Model
SO ——————————
§ ® 10 15 -< 20 25
~ 4
(")
= /
/ o
/ o
7 3

5.5m 4.14m 7.813m

| Vicon Camera "
—_—
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AFA =" dXE FOWT R2Ad 4dd 9438 = 4 Jdoer=z HA #HHo
Fa3lt. ARl BA8e AxA7]7] 959 Figure A.103} o] A4ZE Q3 A
Ein e

H2ES 5o Z2dd 8 "ok 3 PAS F4d] weh dx mdo] o
° g 5o #gaEel oe x4 gho
wav} Agaold Adghols AAFES shof AReelel 24 (Stiffness)S BFT

_—

[Mooring Ling Offset Test of Simulation & Model Test]

Offset model test @Model scale Offset simulation & model test @Model scale
—Surge —Simulation  + Model Test
® )
1% § .//
£ : ~
E 10 5 5,
i 3 21
€ L
5 « g P il
2 e
1 el =
[ )
Time () Offset {mm)

Figure A.10 The mooring offset test & data
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Table A.62 Al74de] F43 =425 2= ) 4
TEE T2 T wsA EEAZA, AFE AR FARD 1.91 kg HE

TAC oF 1.3 %o 4= zh=t)

Table A.6 The properties of 750-kW mooring lines.

Description frul el Measured | Difference
scale scale
Mooring line nominal diameter 114 985 3.00 ~5.00 %
[mm]
Mooring line length [m] 314.0 7.85 7.85 0%
Radius from platform center line 319.5 7813 731 ~0.03%
to anchor [m]
One (1) mooring line mass [kg] 120,670 1.885 1.910 1.31 %
A.3.3 A FH|
FOWT =& HZE 3 Al Ald A3 AA8S drsl7] 98ty Hugdd Ald
Au) Abgy @A FE3F g B go]A(Calibration)o] S E ool Y= HolHE
AZE 5 Ak 2 ATgAE wmA FF 2 42 99X JIHE S v
A peo| e FaAson, Rl A9 Pia Beuds] wde] MAH: x|
SuAE Aol mae] e el T Astsh BitHvte] vhus F/18 AZsw
sholalgich. 531, wabvtel F2g Hzastm, s FAte ok videl A
IS FA87] f8l AFskAl A Figure A1l staA|e] 34 2 A A&
Hofs i
tlo] g

Figure A.11 Wave probe & Location
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Figure A.12 Comparison of Wave spectrums data
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HPA oA A8 5 ASF Ave 9= HP°]+(VICON)/\}4 RANA T e
] s o] &5} o] F2=E  uvlAMarkers)E
%A (Tracking)dle] 64f% %< A3 EgmaAﬂh.EdN@ﬂH RAA

| B ASEE BES HolE

T

=
X
N

e} Axe Rga FEua

203 = 2helA ZTFS PAPEHS Agstel AU F 2AY 750-kW
29 HNle AZAFZ%(Rated Wind Speed) 11.1 m/sollAl 3] 124 = (Rotor Speed) 25
rpmO 2 E2}sly, ol wul AAARZ ZbzF 1.76 m/s9 158 rpmelA] FHEL o
gltt, 2=Ao] ~(LC, Load Case) 1 & 29 A% 10 719 #& = Agxdoen LC1&
Hhgo] gl R T oA APFHA LC2E AATEHSIY 7 oA AP

FH o] Ao FATel wR iz wpgre] Q= A9 LC3W AALZE 319
A LC4AS =t Fel A Z42h 3 At

750-kW FOWTS] RIPAH s qraset Eraaea 247 upgto]

BN N{E
° _1

Table A.7 Model test load cases

Full scale Model scale (1:40)
Load cases Wind Wave ——— Wind Wave Roftort
Speed Speed
(m/s) (=) (m/s) (=)

(rpm) (rpm)
LC1 No Wind Regular Fixed No Wind Regular Fixed

LC2 11.1 Regular 25 1.76 Regular 158
LC3 No Wind Irregular Fixed No Wind Irregular Fixed

LC4 11.1 Irregular 25 1.76 Irregular 158
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Table A8 =g AldS % 10709 +H53LC1 & 2)9 =d& dEpdoh
A s g Ao w AFaFE(FahHo Y RIPAE A=
Gk E AFox A Lwel RAO(Response Amplitude Operator)

A Aol A 7hd A5 WAeteE #Hal 1.5 m,

As nd ~7Ado el varE 0.04

Table A.8 Regular waves for LC1 and LC2

Full scale Model scale (1:40)
Load Wave Wave Wave Wave Wave Wave
Cases Height Period Frequency Height Period Frequency
(m) (s) (rad/s) (m) (s) (rad/s)
Wave 1 1.6 4.95 8.055 0.04 0.78 1.269
Wave 2 1.6 5.66 7.060 0.04 0.89 1.110
Wave 3 1.6 6.35 6.283 0.04 1.00 0.989
Wave 4 1.6 7.8 5.108 0.04 1.23 0.806
Wave 5 1.6 9.88 4.028 0.04 1.56 0.636
Wave 6 1.6 11.32 3.510 0.04 1.79 0.555
Wave 7 1.6 12.77 3.110 0.04 2.02 0.492
Wave 8 1.6 13.37 2.978 0.04 2.11 0.470
Wave 9 1.6 14.48 2.744 0.04 2.29 0.434
Wave 10 1.6 15.91 2.493 0.04 2.52 0.395

Table A.9% B3 3H(LC3 & 4)¢] =715 YEhAY. RAO A4S gk Ihai+= 0.04 m,
#7152 078 ~ 25 solth. EatH e A9 Sea state 4~67tA19 IEE Fx
Zup7| oA EA THssE Hefol A I A E s (Wave spectrum)S 7-3Fe] A4 81Tt

o] 23kl ¥ oj&- AFH] =(Pierson—-Moskowitz) A~FEZ LS dlglo] WL 3 o) A
W 7|HEer B ul o] wupdy AP S o|FA Hua MM, Fityt o)

53 Ldsl ugte] 9 (Fully developed sea) 7o Agtsit). wabd, B Ao A=
g A7t Fa 2 E2AYJONSWAP) ~FEZ vl Ui 23AdY &g A
Zdd B A s P-M o]lEAex Gt Iy AAEHS Bty A4

1, Figure A.145 %3 33 2FEH o231y dwo AL &3
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Table A.9 Irregular waves for LC3 and LC4

Irrecular waves Full scale Model scale (1:40)
= Tp (s) Hs (m) Tp (s) Hs (m)
Irregular wave sea state 4
(SS4) 8.1 3.72 1.281 0.093
Irregular wave sea state 5
(SS5) 9.6 4.88 1.518 0.122
Irregular wave sea state 6 9.9 553 1565 0.138
(SS6) ' ' ' '
14
— Sea state 4
@ 12 = = Theory
E 10 0\ ——Model Test
E°
2 6
o
o 4
O T T T i 1
0.00 0.10 0.20 0.30 0.40 0.50
Frequency (Hz)
231 Seastate 5
N@ 20 - — — Theory
é —— Model Test
E 15 |
g 10 -
g 5
=
0 | : - . .
0.00 0.10 0.20 0.30 0.40 0.50
Frequency (Hz)
3 Sea state 6
FE:E 30 — — Theory
E 25 ——Model Test
E 20
S 15
j=9
o 10
S s
0 ‘ . . : :
0.00 0.10 0.20 0.30 0.40 0.50

Frequency (Hz)

Figure A.14 Wave spectrums of theory and model test
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Figure A.15 Free decay results of model test and simulation
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Figure A.16 The RAOs of the model test and simulation in LC1 and LC2
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Figure A.17 The RAOs of the model-1 and model-2 in LC1(only regular waves) and
LC2 (wind with regular waves)
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Figure A.18 The significant motions of the model-1 and model-2 in LC3 and LCA4.
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Table A.10 Steady motion results of simulation and model test in LC4

LC4 SS4 LC4 SS5 LC4 SS6
Motion Statistics
Model Simulation Model Simulation Model Simulation
test test test
Mean 3.54 3.41 3.77 3.52 3.92 3.78
Surge
[m] L o0 0.88 1.10 1.12 1.29 1.28
deviation
Mean 0.02 0.01 0.01 0.01 0.01 0.01
Heave
[m] Standard | 5, 0.33 0.50 0.52 0.60 0.61
deviation
. Mean 4.10 3.88 4.23 3.87 4.20 3.87
Pitch
[degree] | Standard | g 0.64 1.10 0.92 1.23 1.10
deviation
ZI A |

[A-1] ITTC, Recommended Procedures and Guidelines, Model Tests for Offshore
Wind Turbines, 75-02-07-03.8, Specialist Committee on Testing of Marine
Renewable Devices of the 28th ITTC, 28th ITTC, (2017).

[A-2] D. Ridder, P. Aalberts, B. Buchner, J. Peeringa, The Dynamic Response of an
Offshore Wind Turbine with Realistic Flexibility to Breaking Wave Impact; Paper,
OMAE 2011-49563, Proceedings, 30th Int. Conf. on Ocean Offshore & Arctic Eng.,
Rotterdam, The Netherlands, (2011).

[A-3] C. Cermelli, D. Roddier, A. Aubault, Windfloat: A Floating Foundation for
Offshore Wind Turbines Part II: Hydrodynamic Analysis, Paper OMAEZ2009-79231
Proceedings, 28th Int. Conf. on Ocean, Offshore and Arc—tic Engineering (OMAE 2009)
Hono-lulu, Hawaii, USA, (2009).

[A-4] V. Valamanesh, Aerodynamic Damping and Seismic Response of Horizontal Axis

Wind Turbine Towers, The Journal of Structural Engineering ASCE, ISSN 0733-
9445/04014090.
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Design DLC Wind Waves Wind and wave Sea Water Other Type of | Partial
Situation condition directionality | currents level conditions |amalysis | safety
factor
2) Power 26 MTM 555 MIS, MUL MCM NWLR |Fault of sea- |U A
production . state limit
plus I:’in’_' Phub protection
ocCUrrence “Fou system
of fault
4) Mormal 4.3 MNTM 555 orthe [MIS, MUL NCM MSL Maximum U N
shut down " most severe operating sea
Vin_' L conditions state limit
“Fou that triggers
the safety
limits of the
control and
protection
system
9) Power 9.1 MTM M55 MIS, MUL HCM MSL Transient U A
production ) condition
Fin = Vhub between intact
“Vou and
redundancy
check
condition
92 MTM M55 MIS, MUL MCM MSL Redundancy (U A
. . check
Ein_' L condition
- i-'t:uut
9.3 MTM M55 MIS, MUL MCM MSL Leakage U A
. . (damage
:i?:' L stability)
=¥ out
10) Parked 10,1 |EWM ESS MIS, MUL ECM EWLR |Transient U A
(standing still o condition
or idling) Phab = Fret between intact
and
redundancy
check
condition
10,2 |EWM ESS MIS, MUL ECM EWLR |Redundancy |U A
o check
Phub = Fres condition
10.3  |EWM ESS MIS, MUL ECM EWLR |Leakage U A
) . (damage
Phub = Fret stability)
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H=-4 (Appendix-4):
4-1) Structural Drawing
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[Shell Expansion]
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[Construction Profile]
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[Deck Plan]
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4-2) Detail of Analysis Modeling

Thick - Material
W 12.0T- HT36
W 130T - HT36
[ 14.0T- HT36
[0 15.07 - HT36
[ 16.0T- HT36
[ 17.0T- HT36
[ 15.07 - HT36
[ 19.0T- HT36
[0 20.0T - HT36
[0 21.07 - HT36
O 230T- HT36
[0 24.0T- HT3E
[0 2507 - HT36
[ 26.0T - HT36
[0 27.07 - HT36
[ 30.0T- HT36
W 50.0T- HT36
W 55.07 - HT36

L

Figure A-1.  Entire Platform Plot (Look Downward)

Thick - Material
1207 - HT36
W 130T - HT36
[ 14.0T - HT3E
@ 15.0T - HT36
[ 16.0T - HT36
[ 17.0T - HT36
[ 180T - HT36
0 19.0T- HT36
[0 2007 - HT3E
0 210T-HT36
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[0 24.07 - HT36
[ 250T- HT36
@ 2507 - HT3E
[0 27.07 - HT36
[ 30.0T- HT36
I 5007 - HT36
W 5507 - HT36

Py

Figure A-2.  Entire Platform Plot (Look Upward)
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Thick - Material
W 130T- HT36
[ 17.0T- HT36

[@ 2007 - HT36
[ 27.0T- HT36
[ 30.0T- HT36

L

Figure A-3.  Base Line to 3050 A/B Plot (Look Downward)

Thick - Material
W 13.07- HT36
[ 17.0T- HT36

[0 200T - HT36
[ 27.0T- HT36
[ 30,07 - HT36

A

Figure A-4.  Base Line to 3050 A/B Plot (Look Upward)
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Thick - Material
W 130T- HT36
[ 17.0T- HT36
[@ 2007 - HT36

[ 27.0T- HT36
[ 30.0T- HT36

Figure A-5.  3050A/B to 6100 A/B Plot (Look Downward)

Thick - Material
W 13.07- HT36
[ 17.0T- HT36

[0 200T - HT36
[ 27.0T- HT36
[ 30,07 - HT36

Jaman
II I T LTy \ \\
IS i 58] T

A

Figure A-6.  3050A/B to 6100 A/B Plot (Look Upward)
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I
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Figure A-7.  6100A/B to 12200A/B (Look Downward)
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) i i f; /
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Figure A-8.  6100A/B to 12200A/B (Look Upward)
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Thick - Material
W 130T- HT36

[ 17.0T- HT36
[@ 2007 - HT36
[ 26.0T - HT36

Thick - Material
W 13.07- HT36
[ 17.0T- HT36

[0 200T - HT36
[ 26.0T - HT36




Thick - Material
W 130T- HT36
[ 17.0T- HT36
[ 19.07 - HT38

[ 250T- HT36

Figure A-9.  12200A/B to 18600A/B (Look Downward)

Thick - Material
W 13.07- HT36

[ 17.0T- HT36
[ 19.07 - HT36
[0 250T- HT36

A

Figure A-10. 12200A/B to 18600A/B (Look Upward)
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Figure A-11. 18600A/B to 25000A/B (Look Downward)
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Figure A-12. 18600A/B to 25000A/B (Look Upward)
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Thick - Material
W 130T - HT36
[ 17.0T- HT36
[0 19.0T - HT36
[0 24.0T- HT36

A



Thick - Material
W 130T- HT36
[ 17.0T- HT36
[ 15.07 - HT36

[0 230T- HT36
[0 25.0T- HT36

Figure A-13. 25000A/B to 31400A/B (Look Downward)

Thick - Material
W 13.07- HT36
[ 17.0T- HT36

[ 180T - HT36
O 230T- HT36
[0 25.07 - HT36

A

Figure A-14. 25000A/B to 31400A/B (Look Upward)

177



Thick - Material
W 130T- HT36
[ 17.0T- HT36
[ 15.07 - HT36

0 210T-HT36
[0 25.0T- HT36
I 50.07 - HT36

Figure A-15. 31400A/B to 37800A/B (Look Downward)

Thick - Material
W 130T - HT36
[ 17.0T- HT36
[ 180T - HT36

0 21.0T-HT36
[0 25.07 - HT36
W 50.0T- HT36

A

Figure A-16. 31400A/B to 37800A/B (Look Upward)
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Thick - Material
W 130T- HT36
[ 17.0T- HT36
[@ 2007 - HT36

Figure A-17. 37800A/B to 44200A/B (Look Downward)

Thick - Material
W 130T - HT36
[ 17.0T- HT36
[0 200T - HT36

A

Figure A-18. 37800A/B to 44200A/B (Look Upward)
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Thick - Material
W 120T-HT36
W 13.0T- HT36
[ 16.07 - HT38

[ 17.0T- HT36
0 19.0T- HT36

Figure A-19. 44200A/B to 50600A/B (Look Downward)

Thick - Material
W 12.07- HT36
W 13.0T- HT36

@ 16.0T - HT36
[ 17.0T- HT36
[H19.0T - HT3E

A

Figure A-20. 44200A/B to 50600A/B (Look Upward)
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Thick - Material
W 120T-HT36
W 13.0T- HT36

[ 15.07 - HT36
[ 16.0T- HT36
[ 17.0T- HT36
[ 15.07 - HT36

Figure A-21. 50600A/B to 57000A/B (Look Downward)

Thick - Material
W 12.0T- HT36
W 13.0T- HT36
@ 15.0T - HT36

[ 16.0T - HT36
[ 17.0T - HT36
[ 180T - HT36

A

Figure A-22. 50600A/B to 57000A/B (Look Upward)
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Thick - Material
W 120T-HT36
W 13.0T- HT36

[ 14.07 - HT38
[ 150T- HT36
[ 16.0T- HT36
[ 17.07 - HT36

Figure A-23.  57000A/B to 63400A/B (Look Downward)

Thick - Material
W 12.0T- HT36
W 13.0T- HT36
[ 14.0T - HT36

[ 15.0T- HT36
[ 16.0T - HT36
[ 17.0T-HT3E

A

Figure A-24. 57000A/B to 63400A/B (Look Upward)
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Thick - Material
[ 150T- HT36

Figure A-25. 63400A/B to 67700A/B (Look Downward)

Thick - Material
[ 15.07- HT36

Figure A-26. 63400A/B to 67700A/B (Look Upward)
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Thick - Material
W 120T-HT36
W 13.0T- HT36

[ 15.07 - HT36
[ 16.0T- HT36
[ 17.0T- HT36

Figure A-27. 67700A/B to 72000A/B (Look Downward)

Thick - Material
W 12.07- HT36
W 13.0T- HT36

@ 15.0T - HT36
[ 16.0T - HT36
[ 17.0T - HT36

A

Figure A-28. 67700A/B to 72000A/B (Look Upward)
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Thick - Material
W 120T-HT36
W 13.0T- HT36
[ 15.07 - HT36

[ 16.0T- HT36
[ 17.0T- HT36

Figure A-29. 72000A/B to 77000A/B (Look Downward)

Thick - Material
W 12.07- HT36
W 13.0T- HT36

@ 15.0T - HT36
[ 16.0T - HT36
[ 17.0T - HT36

A

Figure A-30. 72000A/B to 77000A/B (Look Upward)
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Thick - Material
W 120T-HT36
W 13.0T- HT36
[ 15.07 - HT36

[ 16.0T- HT36
[ 17.0T- HT36

Figure A-31. 77000A/B to 82000A/B (Look Downward)

Thick - Material
W 12.07- HT36
W 13.0T- HT36

@ 15.0T - HT36
[ 16.0T - HT36
[ 17.0T - HT36

A

Figure A-32. 77000A/B to 82000A/B (Look Upward)
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Thick - Material
W 120T-HT36
W 13.0T- HT36

[ 15.07 - HT36
[ 16.0T- HT36
[ 17.0T- HT36
[0 23.07- HT36

Figure A-33. 82000A/B to 86000A/B (Look Downward)

Thick - Material
W 12.0T- HT36
W 13.0T- HT36
@ 15.0T - HT36

[ 16.0T - HT36
[ 17.0T - HT36
[0 230T-HT3E

A

Figure A-34. 82000A/B to 86000A/B (Look Upward)
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Figure A-35. 86000A/B to 91000A/B (Look Downward)

LR

Figure A-36. 86000A/B to 91000A/B (Look Upward)
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Physical
[E BOLT_S0LID
M FLANGE_SOLID_UPPER
[ FLANGE_SOLID_LOWER

Figure A-37. Bolt Connection (Look Downward)

Physical
E BOLT_S0LID
W FLANGE_SO0LID_UPPER
[H FLANGE_SOLID_LOWER

Figure A-38. Bolt Connection (Look Upward)
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H-5-5 (Appendix-5): Design Load Case for Analysis

UOU CASE 01

MOTION CHARACTERISTICS USING NDA CRITERIA

ROLL ANGEL 6.82|DEG PERIOD 14.9|SEC
PITCH ANGLE 3.71|DEG PERIOD 11.5|SEC
HEAVE ACCL 0.2|G

SLIDING COMPONENT FOR STATIC
TRANSVERSE COMPONENT = SIN(©)
VERTICAL COMPONENT = COS(0)

ROLL MOTION

ANGULAR ACCL. 1.209|deg/sec2
TRANSVERSE COMPONENT 0.119
VERTICAL COMPONENT 0.993

STATIC COMPONENT FOR ROLL ANGLE
GRAVITY Hori. Accl Heave Accl

129 0.142 0.199g

089 0.095 -0.199g
PITCH MOTION
ANGULAR ACCL. 1.113]deg/sec2
TRANSVERSE COMPONENT 0.065
VERTICAL COMPONENT 0.998

STATIC COMPONENT FOR PITCH ANGLE

GRAVITY Hori. Accl Heave Accl
1.29 0.078 0.200g
0.8g9 0.052 -0.200g
LOAD CASE MOTION ACCL STATIC COMPONENT 7 HEAVE | HEAVE-REMARKS
0, 90deg Y-PITCH X-ROLL Y-SWAY X-SURGE
#1: +R -H 1.209 0.142 -0.199 0.2*COS(6r)
#2: +R +H 1.209 0.095 0.199|  -0.2*COS(6r)
#3:-R -H -1.209 -0.142 -0.199 0.2*COS(6r)
#4: -R +H -1.209 -0.095 0.199]  -0.2*COS(6r)
#5: +P -H 1.113 0.078 -0.200]  0.2*COS(8p)
#6: +P +H 1.113 0.052 0.200] -0.2*COS(6p)
#7. -P -H -1.113 -0.078 -0.200]  0.2*COS(8p)
#8: -P +H -1.113 -0.052 0.200] -0.2*COS(6p)
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UOU CASE 02

MOTION CHARACTERISTICS USING NDA CRITERIA

ROLL ANGEL 4.60|DEG PERIOD 13.3|SEC
PITCH ANGLE 4.19|DEG PERIOD 13.3|SEC
HEAVE ACCL 0.2|G
SLIDING COMPONENT FOR STATIC
TRANSVERSE COMPONENT = SIN(@)
VERTICAL COMPONENT = COS(©)
ROLL MOTION
ANGULAR ACCL. 1.025|deg/sec2
TRANSVERSE COMPONENT 0.080
VERTICAL COMPONENT 0.997
STATIC COMPONENT FOR ROLL ANGLE
GRAVITY Hori. Accl Heave Accl
129 0.096 0.199g
0.8g 0.064 -0.199g
PITCH MOTION
ANGULAR ACCL. 0.933|deg/sec2
TRANSVERSE COMPONENT 0.073
VERTICAL COMPONENT 0.997
STATIC COMPONENT FOR PITCH ANGLE
GRAVITY Hori. Accl Heave Accl
129 0.088 0.199g
0.8g 0.058 -0.199g
LOAD CASE MOTION ACCL STATIC COMPONENT 7 HEAVE HEAVE-REMARKS
0, 90deg Y-PITCH X-ROLL Y-SWAY X-SURGE
#1: +R -H 1.025 0.096 -0.199 0.2*COS(6r)
#2: +R +H 1.025 0.064 0.199 -0.2*COS(6r)
#3: -R -H -1.025 -0.096 -0.199 0.2*COS(6r)
#4: -R +H -1.025 -0.064 0.199 -0.2*COS(er)
#5: +P -H 0.933 0.088 -0.199 0.2*COS(ep)
#6: +P +H 0.933 0.058 0.199 -0.2*COS(6p)
#7: -P -H -0.933 -0.088 -0.199 0.2*COS(ep)
#8: -P +H -0.933 -0.058 0.199 -0.2*COS(6p)
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UOU CASE 03

MOTION CHARACTERISTICS USING NDA CRITERIA

ROLL ANGEL 6.59|DEG PERIOD 14.4|SEC
PITCH ANGLE 3.68|DEG PERIOD 11.2|SEC
HEAVE ACCL 0.2(G

SLIDING COMPONENT FOR STATIC
TRANSVERSE COMPONENT = SIN(©)
VERTICAL COMPONENT = COS(0)

ROLL MOTION

ANGULAR ACCL. 1.250[{deg/sec2
TRANSVERSE COMPONENT 0.115
VERTICAL COMPONENT 0.993

STATIC COMPONENT FOR ROLL ANGLE
GRAVITY Hori. Accl Heave Accl

1.2g 0.138 0.199g

0.8g 0.092 -0.199g
PITCH MOTION
ANGULAR ACCL. 1.148|deg/sec2
TRANSVERSE COMPONENT 0.064
VERTICAL COMPONENT 0.998

STATIC COMPONENT FOR PITCH ANGLE

GRAVITY Hori. Accl Heave Accl
129 0.077 0.200g
0.8g 0.051 -0.200g
LOAD CASE MOTION ACCL STATIC COMPONENT 7-HEAVE HEAVE-REMARKS
0, 90deg Y-PITCH X-ROLL Y-SWAY X-SURGE
#1: +R -H 1.250 0.138 -0.199 0.2*COS(6r)
#2: +R +H 1.250 0.092 0.199 -0.2*COS(6r)
#3:-R -H -1.250 -0.138 -0.199 0.2*COS(6r)
#4: -R +H -1.250 -0.092 0.199 -0.2*COS(6er)
#5: +P -H 1.148 0.077 -0.200 0.2*COS(8p)
#6: +P +H 1.148 0.051 0.200[ -0.2*COS(6p)
#7.-P -H -1.148 -0.077 -0.200 0.2*COS(6p)
#8: -P +H -1.148 -0.051 0.200[ -0.2*COS(6p)
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UOU CASE 04

MOTION CHARACTERISTICS USING NDA CRITERIA

ROLL ANGEL 6.33|DEG PERIOD 14.4|SEC
PITCH ANGLE 3.96|DEG PERIOD 12.0|SEC
HEAVE ACCL 0.2(G

SLIDING COMPONENT FOR STATIC
TRANSVERSE COMPONENT = SIN(©)
VERTICAL COMPONENT = COS(0)

ROLL MOTION

ANGULAR ACCL. 1.198|deg/sec2
TRANSVERSE COMPONENT 0.110
VERTICAL COMPONENT 0.994

STATIC COMPONENT FOR ROLL ANGLE
GRAVITY Hori. Accl Heave Accl

1.2g 0.132 0.199g

0.8g 0.088 -0.199g
PITCH MOTION
ANGULAR ACCL. 1.078|deg/sec2
TRANSVERSE COMPONENT 0.069
VERTICAL COMPONENT 0.998

STATIC COMPONENT FOR PITCH ANGLE

GRAVITY Hori. Accl Heave Accl
129 0.083 0.200g
0.8g 0.055 -0.200g
LOAD CASE MOTION ACCL STATIC COMPONENT 7-HEAVE HEAVE-REMARKS
0, 90deg Y-PITCH X-ROLL Y-SWAY X-SURGE
#1: +R -H 1.198 0.132 -0.199 0.2*COS(6r)
#2: +R +H 1.198 0.088 0.199 -0.2*COS(6r)
#3:-R -H -1.198 -0.132 -0.199 0.2*COS(6r)
#4: -R +H -1.198 -0.088 0.199 -0.2*COS(6er)
#5: +P -H 1.078 0.083 -0.200 0.2*COS(8p)
#6: +P +H 1.078 0.055 0.200[ -0.2*COS(6p)
#7.-P -H -1.078 -0.083 -0.200 0.2*COS(6p)
#8: -P +H -1.078 -0.055 0.200[ -0.2*COS(6p)
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UOU CASE 05

MOTION CHARACTERISTICS USING NDA CRITERIA

ROLL ANGEL 6.82|DEG PERIOD 14.9|SEC
PITCH ANGLE 3.71|DEG PERIOD 11.5|SEC
HEAVE ACCL 0.2(G

SLIDING COMPONENT FOR STATIC
TRANSVERSE COMPONENT = SIN(©)
VERTICAL COMPONENT = COS(0)

ROLL MOTION

ANGULAR ACCL. 1.209|deg/sec2
TRANSVERSE COMPONENT 0.119
VERTICAL COMPONENT 0.993

STATIC COMPONENT FOR ROLL ANGLE
GRAVITY Hori. Accl Heave Accl

1.2g 0.142 0.199g

0.8g 0.095 -0.199g
PITCH MOTION
ANGULAR ACCL. 1.113|deg/sec2
TRANSVERSE COMPONENT 0.065
VERTICAL COMPONENT 0.998

STATIC COMPONENT FOR PITCH ANGLE

GRAVITY Hori. Accl Heave Accl
129 0.078 0.200g
0.8g 0.052 -0.200g
LOAD CASE MOTION ACCL STATIC COMPONENT 7-HEAVE HEAVE-REMARKS
0, 90deg Y-PITCH X-ROLL Y-SWAY X-SURGE
#1: +R -H 1.209 0.142 -0.199 0.2*COS(6r)
#2: +R +H 1.209 0.095 0.199 -0.2*COS(6r)
#3:-R -H -1.209 -0.142 -0.199 0.2*COS(6r)
#4: -R +H -1.209 -0.095 0.199 -0.2*COS(6er)
#5: +P -H 1.113 0.078 -0.200 0.2*COS(8p)
#6: +P +H 1113 0.052 0.200[ -0.2*COS(6p)
#7.-P -H -1.113 -0.078 -0.200 0.2*COS(6p)
#8: -P +H -1.113 -0.052 0.200[ -0.2*COS(6p)
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UOU CASE 06

MOTION CHARACTERISTICS USING NDA CRITERIA

ROLL ANGEL 7.24|DEG PERIOD 17.7|SEC
PITCH ANGLE 4.89|DEG PERIOD 14.2|SEC
HEAVE ACCL 0.2|G
SLIDING COMPONENT FOR STATIC
TRANSVERSE COMPONENT = SIN(@)
VERTICAL COMPONENT = COS(©)
ROLL MOTION
ANGULAR ACCL. 0.912|deg/sec2
TRANSVERSE COMPONENT 0.126
VERTICAL COMPONENT 0.992
STATIC COMPONENT FOR ROLL ANGLE
GRAVITY Hori. Accl Heave Accl
129 0.151 0.198g
0.8g 0.101 -0.198g
PITCH MOTION
ANGULAR ACCL. 0.957|deg/sec2
TRANSVERSE COMPONENT 0.085
VERTICAL COMPONENT 0.996
STATIC COMPONENT FOR PITCH ANGLE
GRAVITY Hori. Accl Heave Accl
129 0.102 0.199g
0.8g 0.068 -0.199g
LOAD CASE MOTION ACCL STATIC COMPONENT 7 HEAVE HEAVE-REMARKS
0, 90deg Y-PITCH X-ROLL Y-SWAY X-SURGE
#1: +R -H 0912 0.151 -0.198 0.2*COS(6r)
#2: +R +H 0912 0.101 0.198 -0.2*COS(6r)
#3: -R -H -0.912 -0.151 -0.198 0.2*COS(6r)
#4: -R +H -0.912 -0.101 0.198 -0.2*COS(er)
#5: +P -H 0.957 0.102 -0.199 0.2*COS(ep)
#6: +P +H 0.957 0.068 0.199 -0.2*COS(6p)
#7: -P -H 0.957 -0.102 -0.199 0.2*COS(ep)
#8: -P +H -0.957 -0.068 0.199 -0.2*COS(6p)
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UOU CASE 07

MOTION CHARACTERISTICS USING NDA CRITERIA

ROLL ANGEL 5.16|DEG PERIOD 15.3|SEC
PITCH ANGLE 4.69|DEG PERIOD 14.3|SEC
HEAVE ACCL 0.2(G

SLIDING COMPONENT FOR STATIC
TRANSVERSE COMPONENT = SIN(©)
VERTICAL COMPONENT = COS(0)

ROLL MOTION

ANGULAR ACCL. 0.871|deg/sec2
TRANSVERSE COMPONENT 0.090
VERTICAL COMPONENT 0.996

STATIC COMPONENT FOR ROLL ANGLE
GRAVITY Hori. Accl Heave Accl

129 0.108 0.199g
0.8g 0072 -0.199g
PITCH MOTION
ANGULAR ACCL. 0.900|deg/sec2
TRANSVERSE COMPONENT 0.082
VERTICAL COMPONENT 0.997

STATIC COMPONENT FOR PITCH ANGLE

GRAVITY Hori. Accl Heave Accl
129 0.098 0.199g
0.8g 0.065 -0.199g
LOAD CASE MOTION ACCL STATIC COMPONENT 7-HEAVE HEAVE-REMARKS
0, 90deg Y-PITCH X-ROLL Y-SWAY X-SURGE
#1: +R -H 0.871 0.108 -0.199 0.2*COS(6r)
#2: +R +H 0.871 0.072 0.199 -0.2*COS(6r)
#3:-R -H -0.871 -0.108 -0.199 0.2*COS(6r)
#4: -R +H -0.871 -0.072 0.199 -0.2*COS(6er)
#5: +P -H 0.900 0.098 -0.199 0.2*COS(8p)
#6: +P +H 0.900 0.065 0.199( -0.2*COS(6p)
#7.-P -H 0.900 -0.098 -0.199 0.2*COS(6p)
#8: -P +H -0.900 -0.065 0.199( -0.2*COS(6p)
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UOU CASE 08

MOTION CHARACTERISTICS USING NDA CRITERIA

ROLL ANGEL 5.16|DEG PERIOD 15.3|SEC
PITCH ANGLE 4.69|DEG PERIOD 14.3|SEC
HEAVE ACCL 0.2|G
SLIDING COMPONENT FOR STATIC
TRANSVERSE COMPONENT = SIN(@)
VERTICAL COMPONENT = COS(©)
ROLL MOTION
ANGULAR ACCL. 0.871|deg/sec2
TRANSVERSE COMPONENT 0.090
VERTICAL COMPONENT 0.996
STATIC COMPONENT FOR ROLL ANGLE
GRAVITY Hori. Accl Heave Accl
129 0.108 0.199g
0.8g 0.072 -0.199g
PITCH MOTION
ANGULAR ACCL. 0.900({deg/sec2
TRANSVERSE COMPONENT 0.082
VERTICAL COMPONENT 0.997
STATIC COMPONENT FOR PITCH ANGLE
GRAVITY Hori. Accl Heave Accl
129 0.098 0.199g
0.8g 0.065 -0.199g
LOAD CASE MOTION ACCL STATIC COMPONENT 7 HEAVE HEAVE-REMARKS
0, 90deg Y-PITCH X-ROLL Y-SWAY X-SURGE
#1: +R -H 0.871 0.108 -0.199 0.2*COS(6r)
#2: +R +H 0.871 0.072 0.199 -0.2*COS(6r)
#3: -R -H -0.871 -0.108 -0.199 0.2*COS(6r)
#4: -R +H -0.871 -0.072 0.199 -0.2*COS(er)
#5: +P -H 0.900 0.098 -0.199 0.2*COS(ep)
#6: +P +H 0.900 0.065 0.199 -0.2*COS(6p)
#7: -P -H 0.900 -0.098 -0.199 0.2*COS(ep)
#8: -P +H -0.900 -0.065 0.199 -0.2*COS(6p)
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UOU CASE 09

MOTION CHARACTERISTICS USING NDA CRITERIA

ROLL ANGEL 5.16|DEG PERIOD 15.3|SEC
PITCH ANGLE 4.69|DEG PERIOD 14.3|SEC
HEAVE ACCL 0.2(G

SLIDING COMPONENT FOR STATIC
TRANSVERSE COMPONENT = SIN(©)
VERTICAL COMPONENT = COS(0)

ROLL MOTION

ANGULAR ACCL. 0.871|deg/sec2
TRANSVERSE COMPONENT 0.090
VERTICAL COMPONENT 0.996

STATIC COMPONENT FOR ROLL ANGLE
GRAVITY Hori. Accl Heave Accl

129 0.108 0.199g
0.8g 0072 -0.199g
PITCH MOTION
ANGULAR ACCL. 0.900|deg/sec2
TRANSVERSE COMPONENT 0.082
VERTICAL COMPONENT 0.997

STATIC COMPONENT FOR PITCH ANGLE

GRAVITY Hori. Accl Heave Accl
129 0.098 0.199g
0.8g 0.065 -0.199g
LOAD CASE MOTION ACCL STATIC COMPONENT 7-HEAVE HEAVE-REMARKS
0, 90deg Y-PITCH X-ROLL Y-SWAY X-SURGE
#1: +R -H 0.871 0.108 -0.199 0.2*COS(6r)
#2: +R +H 0.871 0.072 0.199 -0.2*COS(6r)
#3:-R -H -0.871 -0.108 -0.199 0.2*COS(6r)
#4: -R +H -0.871 -0.072 0.199 -0.2*COS(6er)
#5: +P -H 0.900 0.098 -0.199 0.2*COS(8p)
#6: +P +H 0.900 0.065 0.199( -0.2*COS(6p)
#7.-P -H 0.900 -0.098 -0.199 0.2*COS(6p)
#8: -P +H -0.900 -0.065 0.199( -0.2*COS(6p)
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UOU CASE 10

MOTION CHARACTERISTICS USING NDA CRITERIA

ROLL ANGEL 7.24|DEG PERIOD 17.7|SEC
PITCH ANGLE 4.89|DEG PERIOD 14.2|SEC
HEAVE ACCL 0.2|G
SLIDING COMPONENT FOR STATIC
TRANSVERSE COMPONENT = SIN(@)
VERTICAL COMPONENT = COS(©)
ROLL MOTION
ANGULAR ACCL. 0.912|deg/sec2
TRANSVERSE COMPONENT 0.126
VERTICAL COMPONENT 0.992
STATIC COMPONENT FOR ROLL ANGLE
GRAVITY Hori. Accl Heave Accl
129 0.151 0.198g
0.8g 0.101 -0.198g
PITCH MOTION
ANGULAR ACCL. 0.957|deg/sec2
TRANSVERSE COMPONENT 0.085
VERTICAL COMPONENT 0.996
STATIC COMPONENT FOR PITCH ANGLE
GRAVITY Hori. Accl Heave Accl
129 0.102 0.199g
0.8g 0.068 -0.199g
LOAD CASE MOTION ACCL STATIC COMPONENT 7 HEAVE HEAVE-REMARKS
0, 90deg Y-PITCH X-ROLL Y-SWAY X-SURGE
#1: +R -H 0912 0.151 -0.198 0.2*COS(6r)
#2: +R +H 0912 0.101 0.198 -0.2*COS(6r)
#3: -R -H -0.912 -0.151 -0.198 0.2*COS(6r)
#4: -R +H -0.912 -0.101 0.198 -0.2*COS(er)
#5: +P -H 0.957 0.102 -0.199 0.2*COS(ep)
#6: +P +H 0.957 0.068 0.199 -0.2*COS(6p)
#7: -P -H 0.957 -0.102 -0.199 0.2*COS(ep)
#8: -P +H -0.957 -0.068 0.199 -0.2*COS(6p)
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UOU CASE 11

MOTION CHARACTERISTICS USING NDA CRITERIA

ROLL ANGEL 7.12|DEG PERIOD 17.4|SEC
PITCH ANGLE 495|DEG PERIOD 13.9|SEC
HEAVE ACCL 0.2|G
SLIDING COMPONENT FOR STATIC
TRANSVERSE COMPONENT = SIN(©)
VERTICAL COMPONENT = COS(©)
ROLL MOTION
ANGULAR ACCL. 0.934|deg/sec2
TRANSVERSE COMPONENT 0.124
VERTICAL COMPONENT 0.992
STATIC COMPONENT FOR ROLL ANGLE
GRAVITY Hori. Accl Heave Accl
1.29 0.149 0.198g
0.8g 0.099 -0.198¢
PITCH MOTION
ANGULAR ACCL. 1.005|deg/sec?
TRANSVERSE COMPONENT 0.086
VERTICAL COMPONENT 0.996
STATIC COMPONENT FOR PITCH ANGLE
GRAVITY Hori. Accl Heave Accl
1.29 0.104 0.199g
0.8g 0.069 -0.199¢
LOAD CASE MOTION ACCL STATIC COMPONENT 7 HEAVE | HEAVE-REMARKS
0, 90deg Y-PITCH X-ROLL Y-SWAY X-SURGE
#1: +R -H 0.934 0.149 -0.198 0.2*COS(®r)
#2: +R +H 0.934 0.099 0.198 -0.2*COS(6r)
#3: -R -H -0.934 -0.149 -0.198 0.2*COS(®r)
#4. -R +H -0934 -0.099 0.198 -0.2*COS(er)
#5 +P -H 1.005 0.104 -0.199 0.2*COS(8p)
#6. +P +H 1.005 0.069 0.199( -0.2*COS(8p)
#7. -P -H 1.005 -0.104 -0.199 0.2*COS(8p)
#8.-P +H -1.005 -0.069 0.199( -0.2*COS(ép)
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UOU CASE 12

MOTION CHARACTERISTICS USING NDA CRITERIA

ROLL ANGEL 6.42|DEG PERIOD 14.4|SEC
PITCH ANGLE 3.75|DEG PERIOD 11.5|SEC
HEAVE ACCL 0.2(G

SLIDING COMPONENT FOR STATIC
TRANSVERSE COMPONENT = SIN(©)
VERTICAL COMPONENT = COS(0)

ROLL MOTION

ANGULAR ACCL. 1.224|deg/sec2
TRANSVERSE COMPONENT 0.112
VERTICAL COMPONENT 0.994

STATIC COMPONENT FOR ROLL ANGLE
GRAVITY Hori. Accl Heave Accl

129 0.134 0.199g
0.89 0.089 -0.199g
PITCH MOTION
ANGULAR ACCL. 1.116|deg/sec2
TRANSVERSE COMPONENT 0.065
VERTICAL COMPONENT 0.998

STATIC COMPONENT FOR PITCH ANGLE

GRAVITY Hori. Accl Heave Accl
129 0.078 0.200g
0.8g 0.052 -0.200g
LOAD CASE MOTION ACCL STATIC COMPONENT 7-HEAVE HEAVE-REMARKS
0, 90deg Y-PITCH X-ROLL Y-SWAY X-SURGE
#1: +R -H 1.224 0.134 -0.199 0.2*COS(6r)
#2: +R +H 1.224 0.089 0.199 -0.2*COS(6r)
#3:-R -H -1.224 -0.134 -0.199 0.2*COS(6r)
#4: -R +H -1.224 -0.089 0.199 -0.2*COS(6er)
#5: +P -H 1.116 0.078 -0.200 0.2*COS(8p)
#6: +P +H 1116 0.052 0.200[ -0.2*COS(6p)
#7.-P -H 1.116 -0.078 -0.200 0.2*COS(6p)
#8: -P +H -1.116 -0.052 0.200[ -0.2*COS(6p)
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Table 1. Detal Description of Load Case Detail

Load Case Envgsglrélent Roll Pitch Heave Remarks
LCO1-1 45 + -
LCO1-2 45 + +
LCO1-3 45 - -
LCO1-4 45 - +
LCO1-5 45 + -
LCO1-6 45 + +
LCO1-7 45 - -
LCO1-8 45 - +
LCO2-1 135 + -
LC02-2 135 + +
LC02-3 135 - -
LC02-4 135 - +
LC02-5 135 + -
LC02-6 135 + +
LCO2-7 135 - -
LCO2-8 135 - +
LCO3-1 315 + -
LC03-2 315 + +
LC03-3 315 - -
LCO3-4 315 - +
LC03-5 315 + -
LCO3-6 315 + +
LCO3-7 315 - -
LC03-8 315 - +
LCO4-1 315 + -
LC04-2 315 + +
LC04-3 315 - -
LCO4-4 315 - +
LCO4-5 315 + -
LCO4-6 315 + +
LCO4-7 315 - -
LC04-8 315 - +
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Environment

Load Case Angle Roll Pitch Heave Remarks
LCO05-1 45 + -
LCO05-2 45 + +
LC05-3 45 - -
LCO5-4 45 - +
LCO05-5 45 + -
LC05-6 45 + +
LCO5-7 45 - -
LC05-8 45 - +
LCO6-1 45 + -
LC06-2 45 + +
LCO6-3 45 - -
LCO6-4 45 - +
LCO6-5 45 + -
LCO6-6 45 + +
LCO6-7 45 - -
LCO6-8 45 - +
LCO7-1 135 + -
LCO7-2 135 + +
LCO7-3 135 - -
LCO7-4 135 - +
LCO7-5 135 + -
LCO7-6 135 + +
LCO7-7 135 - -
LCO7-8 135 - +
LCO8-1 135 + -
LCO8-2 135 + +
LCO8-3 135 - -
LCO8-4 135 - +
LCO8-5 135 + -
LCO8-6 135 + +
LCO8-7 135 - -
LCO8-8 135 - +
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Environment

Load Case Angle Roll Pitch Heave Remarks
LCO09-1 135 + -
LC09-2 135 + +
LC09-3 135 - -
LC09-4 135 - +
LCO9-5 135 + -
LC09-6 135 + +
LC0O9-7 135 - -
LC09-8 135 - +
LC10-1 45 + -
LC10-2 45 + +
LC10-3 45 - -
LC10-4 45 - +
LC10-5 45 + -
LC10-6 45 + +
LC10-7 45 - -
LC10-8 45 - +
LC11-1 45 + -
LC11-2 45 + +
LC11-3 45 - -
LC11-4 45 - +
LC11-5 45 + -
LC11-6 45 + +
LC11-7 45 - -
LC11-8 45 - +
LC12-1 315 + -
LC12-2 315 + +
LC12-3 315 - -
LC12-4 315 - +
LC12-5 315 + -
LC12-6 315 + +
LC12-7 315 - -
LC12-8 315 - +
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H-Z-6 (Appendix—6): Analysis Results

Environment

Equivalent

Allowable stress

Load Case Angle (deg) stress (MPa) (MPa) Result
LCO1-1 45 178.63 248.25 Satisfied
LCO1-2 45 217.12 248.25 Satisfied
LCO1-3 45 148.73 248.25 Satisfied
LCO1-4 45 181.29 248.25 Satisfied
LCO1-5 45 146.79 248.25 Satisfied
LCO1-6 45 205.13 248.25 Satisfied
LCO1-7 45 133.05 248.25 Satisfied
LCO1-8 45 193.26 248.25 Satisfied
LCO2-1 225 150.29 248.25 Satisfied
LCO2-2 225 169.49 248.25 Satisfied
LC02-3 225 132.89 248.25 Satisfied
LC02-4 225 168.37 248.25 Satisfied
LCO2-5 225 126.79 248.25 Satisfied
LCO2-6 225 156.21 248.25 Satisfied
LC02-7 225 140.86 248.25 Satisfied
LC02-8 225 181.35 248.25 Satisfied
LCO03-1 315 145.19 248.25 Satisfied
LC03-2 315 180.13 248.25 Satisfied
LCO3-3 315 175.02 248.25 Satisfied
LC03-4 315 215.38 248.25 Satisfied
LCO3-5 315 145.38 248.25 Satisfied
LCO3-6 315 203.28 248.25 Satisfied
LCO3-7 315 132.28 248.25 Satisfied
LC0O3-8 315 192.23 248.25 Satisfied
LCO4-1 315 139.87 248.25 Satisfied
LC04-2 315 180.87 248.25 Satisfied
LC04-3 315 169.61 248.25 Satisfied
LC04-4 315 214.59 248.25 Satisfied
LCO4-5 315 145.95 248.25 Satisfied
LCO4-6 315 203.72 248.25 Satisfied
LCO4-7 315 131.83 248.25 Satisfied
LCO4-8 315 191.82 248.25 Satisfied
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Load Case Environment Equivalent Allowable stress Result
Angle (deg) stress (MPa) (MPa)
LCO5-1 45 178.95 248.25 Satisfied
LC05-2 45 217.12 248.25 Satisfied
LCO05-3 45 148.73 248.25 Satisfied
LCO5-4 45 181.29 248.25 Satisfied
LCO05-5 45 146.79 248.25 Satisfied
LCO5-6 45 205.13 248.25 Satisfied
LCO5-7 45 133.05 248.25 Satisfied
LCO5-8 45 193.26 248.25 Satisfied
LCO6-1 45 186.71 248.25 Satisfied
LC06-2 45 218.12 248.25 Satisfied
LC06-3 45 156.81 248.25 Satisfied
LC06-4 45 180.04 248.25 Satisfied
LCO6-5 45 149.28 248.25 Satisfied
LC06-6 45 206.88 248.25 Satisfied
LC06-7 45 131.33 248.25 Satisfied
LC06-8 45 191.37 248.25 Satisfied
LCO7-1 225 152.77 248.25 Satisfied
LCO7-2 225 169.62 248.25 Satisfied
LCO7-3 225 135.78 248.25 Satisfied
LCO7-4 225 168.36 248.25 Satisfied
LCO7-5 225 127.72 248.25 Satisfied
LCO7-6 225 154.72 248.25 Satisfied
LCO7-7 225 142.07 248.25 Satisfied
LCO7-8 225 182.87 248.25 Satisfied
LCO08-1 225 152.77 248.25 Satisfied
LCO08-2 225 169.62 248.25 Satisfied
LCO08-3 225 135.78 248.25 Satisfied
LC08-4 225 168.36 248.25 Satisfied
LCO8-5 225 127.72 248.25 Satisfied
LC08-6 225 154.72 248.25 Satisfied
LC08-7 225 142.07 248.25 Satisfied
LCO08-8 225 182.87 248.25 Satisfied
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Load Case Environment Equivalent Allowable stress Result
Angle (deg) stress (MPa) (MPa)
LC09-1 225 152.77 248.25 Satisfied
LC09-2 225 169.62 248.25 Satisfied
LC09-3 225 135.78 248.25 Satisfied
LC09-4 225 168.36 248.25 Satisfied
LC09-5 225 127.72 248.25 Satisfied
LC09-6 225 154.72 248.25 Satisfied
LC0O9-7 225 142.07 248.25 Satisfied
LC09-8 225 182.87 248.25 Satisfied
LC10-1 45 186.71 248.25 Satisfied
LC10-2 45 218.12 248.25 Satisfied
LC10-3 45 156.81 248.25 Satisfied
LC10-4 45 180.04 248.25 Satisfied
LC10-5 45 149.28 248.25 Satisfied
LC10-6 45 206.88 248.25 Satisfied
LC10-7 45 131.33 248.25 Satisfied
LC10-8 45 191.37 248.25 Satisfied
LC11-1 45 184.91 248.25 Satisfied
LC11-2 45 217.73 248.25 Satisfied
LC11-3 45 155.00 248.25 Satisfied
LC11-4 45 180.41 248.25 Satisfied
LC11-5 45 149.48 248.25 Satisfied
LC11-6 45 207.00 248.25 Satisfied
LC11-7 45 131.18 248.25 Satisfied
LC11-8 45 191.26 248.25 Satisfied
LC12-1 315 141.65 248.25 Satisfied
LC12-2 315 180.69 248.25 Satisfied
LC12-3 315 171.42 248.25 Satisfied
LC12-4 315 214.79 248.25 Satisfied
LC12-5 315 145.47 248.25 Satisfied
LC12-6 315 203.39 248.25 Satisfied
LC12-7 315 132.20 248.25 Satisfied
LC12-8 315 192.13 248.25 Satisfied

207




D.1. LCO1-1 Result

STATIC ANALYSIS
RESULTH. SUBCASE.1 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=178.6253 MPa, MIN=0.0 MPa, AS IS

(T

im
AT

ELEMENT 172,953 (T=55.0)
VON MISES : 1786263 MPa (Z1)

Figure D-1. Von-Mises Stress Plot

STATIC ANALYSIS
RESULTH: SUBCASE.1 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=178.62563 MPa, MIN=0.0 MPa, AS IS

ELEMENT 172,95
VON MISES : 178

Figure D-2. Max. Von-Mises Stress Plot
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D.2. LC 01-2 Result

STATIC ANALYSIS 2171192
RESULTH. SUBCASE.2 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=217.1192 MPa, MIN=0.0 MPa, AS IS 197 3811

177.643
157.9049
138.1668
118.4287
98.69056
7895244
5921433
39.47622
19.73811

0.0

ELEMENT &8,712 (T=25.0)
VON MISES : 217.1192 MPa (22)

Figure D-3. Von-Mises Stress Plot

Figure D-4. Max. Von-Mises Stress Plot
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D.3. LC 01-3 Result

STATIC ANALYSIS
RESULTH. SUBCASE.3 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=148.732 MPa, MIN=0.0 MPa, AS IS
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ELEMENT 172,997 (T=55.0)
VON MISES : 148.732 MPa (Z1)

Figure D-5. Von-Mises Stress Plot

STATIC ANALYSIS
RESULTH: SUBCASE.3 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=148.732 MPa, MIN=0.0 MP:

ELEMENT 172,997 (T=55
VON MISES : 148732

Figure D-6. Max. Von-Mises Stress Plot
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D.4. LC 01-4 Result

STATIC ANALYSIS 181.2916
RESULTH. SUBCASE.4 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=181.2915 MPa, MIN=0.0 MPa, AS IS 164.8105

148.3296
131.8484
115.3674
98.8863
82.40525
65.9242
49.44315
329621
16.48105

0.0

ELEMENT &8,712 (T=25.0)
VON MISES : 181.2916 MPa (22)

Figure D-7. Von-Mises Stress Plot
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Figure D-8. Max. Von-Mises Stress Plot
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D.5. LC 01-5 Result

STATIC ANALYSIS 146.7882
RESULTH. SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=146.7888 MPa, MIN=0.0 MPa, AS IS 133.4443

120.0999
106.7555
93.41104
80.0666
66.72217
5337774
AAAHAA
L 40,0333

T 26.69807
| I
N 1334443

ELEMENT &8,712 {T=25.0)
VON MISES : 146.7892 MPa (Z1)

Figure D-9. Von-Mises Stress Plot
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T ON ENT, MA 6.7888 MPa, MIN=0.1

| 1200999

6.72
3.37774
40.0333

6.68887

Figure D-10. Max. Von-Mises Stress Plot
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D.6. LC 01-6 Result

STATIC ANALYSIS 2061314
RESULTH. SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=205.1314 MPa, MIN=0.0 MPa, AS IS 186.4831

167.8342
148.1865
130.8382
111.8898
93.24154
7459323
5594492
37.29662
18.64831

0.0

ELEMENT &8,712 (T=25.0)
VON MISES : 205.1314 MPa (22)

Figure D-11. Von-Mises Stress Plot
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37.29662

1864831

Figure D-12. Max. Von-Mises Stress Plot
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D.7. LC 01-7 Result

STATIC ANALYSIS 133.0454
RESULTH. SUBCASE.7 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=133.0454 MPa, MIN=0.0 MPa, AS IS 120.9503

108.8563
96.76027
8466524
7257021
6047517
4838014
A

LT 36.2851
I 2419007
WY 12.00503

Al oo
I Il
L '
ELEMENT &8,712 (T=25.0) ﬁ
VON MISES : 133.0454 MPa (Z1)

Figure D-13. Von-Mises Stress Plot

ANALYSIS 33.0454
E[EIJL £ ASE.7 - STRESS, ISES, MAX-MA AYER!
0

UR: STRESS/ON ELEMENT, MAX=133.0454 MPa, MIN=0.0 MPa,
| T 209503

| 08.8563

[ 6.76027

8.38014
36.2851

4.19007

T 56,712 (T=25.
S : 13304564 MPa

Figure D-14. Max. Von-Mises Stress Plot
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D.8. LC 01-8 Result

STATIC ANALYSIS 193.2644
RESULT#: SUBCASE.8 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=193.2644 MPa, MIN=0.0 MPa, AS IS 175.695

152.1266
140.556
122.9865
108.417
87.84748
7027798
5270849
36.13899
17.5695

0.0

ELEMENT &8,712 (T=25.0)
VON MISES : 193.2644 MPa (22)

Figure D-15. Von-Mises Stress Plot
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Figure D-16. Max. Von-Mises Stress Plot
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D.9. LC 02-1 Result

STATIC ANALYSIS 150,2896
RESULT#: SUBCASE.1 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=150.2896 MPa, MIN=0.0 MPa, AS IS

136.6269
122.9642
108.3015
95.63881
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68.31344
-'i“'ll
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ELEMENT §2,512 (T=25.0) &
VON MISES : 150.2896 MPa (22)

Figure D-17. Von-Mises Stress Plot
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Figure D-18. Max. Von-Mises Stress Plot
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D.10. LC 02-2 Result

STATIC ANALYSIS 169.49
RESULTH. SUBCASE.2 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=169.49 MPa, MIN=0.0 MPa, AS IS 154.0819

132.6737
123.2655
107.8573
92.44911
77.04093
61.63274
46.22456
3081637

T 15.40819

WL

(L 00

ELEMENT &4,612 (T=25.0)
VON MISES : 169.49 MPa (Z2)

Figure D-19. Von-Mises Stress Plot
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Figure D-20. Max. Von-Mises Stress Plot
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D.11. LC 02-3 Result

STATIC ANALYSIS

132.8896

RESULTH:. SUBCASE.3 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=132.8896 MPa, MIN=0.0 MPa, AS IS

ELEMENT 41,613 (T=25.0)
VON MISES : 132.8896 MPa (22)
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Figure D-21. Von-Mises Stress Plot
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Figure D-22. Max. Von-Mises Stress Plot
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D.12. LC 02-4 Result

STATIC ANALYSIS 162.3669
RESULTH. SUBCASE.4 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=168.3659 MPa, MIN=0.0 MPa, AS IS 153.0599

137.7639
122.4479
107.1419
91.83594
76.52995
61.22396

4591797

3061198

(T 15.30599

L
0.0

ELEMENT &4,612 (T=25.0)
VON MISES : 168.3669 MPa (22)

Figure D-23. Von-Mises Stress Plot
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Figure D-24. Max. Von-Mises Stress Plot
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D.13. LC 02-5 Result

STATIC ANALYSIS 126.7872
RESULTH. SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=126.7872 MPa, MIN=0.0 MPa, AS IS 1152611

103.736
92.2089
80.68279
69.15667

6763066

46.10445

3457834

23.05222

11.52611

0.0

ELEMENT 114,199 (T=50.0) &
VON MISES : 126.7872 MPa (22)

Figure D-25. Von-Mises Stress Plot

STATIC ANALYSIS 7872
: SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRE ELEMENT, MAX=126.7 a, =0. a, AS IS

279

667

056
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834

222

0.0

ELEMENT 114,199 (T=500)

Figure D-26. Max. Von-Mises Stress Plot
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D.14. LC 02-6 Result

STATIC ANALYSIS 156.2136
RESULTH. SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=156.2135 MPa, MIN=0.0 MPa, AS IS 1420123

127.811
113.6098
99.40859
85.20736
71.00614
56.80491

U

4260368

28.40245
W

1420123

0.0

ELEMENT &4,612 (T=25.0)
VON MISES : 156.2136 MPa (22)

Figure D-27. Von-Mises Stress Plot
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Figure D-28. Max. Von-Mises Stress Plot
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D.15. LC 02-7 Result

STATIC ANALYSIS 140.8593
RESULT#H: SUBCASE.7 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=140.85693 MPa, MIN=0.0 MPa, AS IS

‘‘‘‘‘‘‘ 128.0539
116.2486
102.4431
8963774
76.83235

64.02696

ELEMENT §2,512 (T=25.0) &
VON MISES : 140.8693 MPa (22)

Figure D-29. Von-Mises Stress Plot
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Figure D-30. Max. Von-Mises Stress Plot
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D.16. LC 02-8 Result

STATIC ANALYSIS 181.3467
RESULTH. SUBCASE.B - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=181.3457 MPa, MIN=0.0 MPa, AS IS 164 8597

148.3737
131.8878
115.4018
9891582
82.42985
65.94388
49.45791
3297194
16.48597

0.0

ELEMENT &4,612 (T=25.0)
VON MISES : 181.3457 MPa (22)

Figure D-31. Von-Mises Stress Plot
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Figure D-32. Max. Von-Mises Stress Plot
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D.17. LC 03-1 Result

STATIC ANALYSIS
RESULTH. SUBCASE.1 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=145.1911 MPa, MIN=0.0 MPa, AS IS
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ELEMENT 172,955 (T=55.0)
VON MISES : 145.1911 MPa (Z1)

Figure D-33. Von-Mises Stress Plot

STATIC ANALYSIS
RESULTH: SUBCASE.1 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=145.1911 MPa, MIN=0.0 MPa, AS IS

ELEMENT 172,955 0y .
VON MISES : 145.1911 MPa (21) |

Figure D-34. Max. Von-Mises Stress Plot
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D.18. LC 03-2 Result

STATIC ANALYSIS 1801317
RESULTH. SUBCASE.2 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=180.1317 MPa, MIN=0.0 MPa, AS IS 163.7561

147.3806
131.0049
114.6293
98.25366
81.87805
6550244
49.12683
3276122
16.37561

0.0

ELEMENT £2,512 (T=25.0) &
VON MISES : 180.1317 MPa (£2)

Figure D-35. Von-Mises Stress Plot
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Figure D-36. Max. Von-Mises Stress Plot
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D.19. LC 03-3 Result

STATIC ANALYSIS 175.022
RESULT#: SUBCASE.3 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=175.022 MPa, MIN=0.0 MPa, AS IS

152.1109
143.1992
127.2887
JJII!‘\!n-I
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{THANATH

BN L

4773327

31.8221¢

15.91109
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ELEMENT 172,903 (T=55.0)
VON MISES : 175.022 MPa (Z1)

Figure D-37. Von-Mises Stress Plot

STATIC ANALYSIS 175.022
RESULTH: SUBCASE.3 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=175.022 MPa, MIN=0.0 MP: 1591109
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7956646
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31.82218
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0.0

ELEMENT 172,903/(
VON MISES : 175.02

Figure D-38. Max. Von-Mises Stress Plot
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D.20. LC 03-4 Result

STATIC ANALYSIS 216,3803
RESULTH. SUBCASE.4 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=215.3803 MPa, MIN=0.0 MPa, AS IS 195.8003

176.2202
156.6402
137.0602
117.4802
97.90013

78.3201
58.74008
39.16005
19.58003

0.0

ELEMENT £2 512 (T=25.0) &
VON MISES : 215.3803 MPa (22)

Figure D-39. Von-Mises Stress Plot
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Figure D-40. Max. Von-Mises Stress Plot
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D.21. LC 03-5 Result

STATIC ANALYSIS 145.3776
RESULT#H: SUBCASE.S - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=145.3776 MPa, MIN=0.0 MPa, AS IS
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Figure D-41. Von-Mises Stress Plot
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Figure D-42. Max. Von-Mises Stress Plot
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D.22. LC 03-6 Result

STATIC ANALYSIS 203275
RESULTH. SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=203.275 MPa, MIN=0.0 MPa, AS IS 1847955

166.316
147.8364
129.3569
1108773
9239775

739182
55.43865

36.9591
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0.0

ELEMENT £2,512 (T=25.0) &
VON MISES : 203.275 MPa (22)

Figure D-43. Von-Mises Stress Plot
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Figure D-44. Max. Von-Mises Stress Plot

229



D.23. LC 03-7 Result

STATIC ANALYSIS 132.2762
RESULT#: SUBCASE.7 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=132.2762 MPa, MIN=0.0 MPa, AS IS
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ELEMENT £2,512 (T=25.0) &
VON MISES : 132.2762 MPa (Z1)

Figure D-45. Von-Mises Stress Plot
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Figure D-46. Max. Von-Mises Stress Plot
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D.24. LC 03-8 Result

STATIC ANALYSIS 192.2304
RESULTH. SUBCASE.B - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=192.2304 MPa, MIN=0.0 MPa, AS IS 1747549

157.2794
1392.8039
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0.0

ELEMENT £2,512 (T=25.0) &
VON MISES : 192.2304 MPa (22)

Figure D-47. Von-Mises Stress Plot
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Figure D-48. Max. Von-Mises Stress Plot
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D.25. LC 04-1 Result

STATIC ANALYSIS
RESULTH:. SUBCASE.1 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=139.8732 MPa, MIN=0.0 MPa, AS IS
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ELEMENT 172,955 (T=55.0)
VON MISES : 139.8732 MPa (Z1)

Figure D-49. Von-Mises Stress Plot

STATIC ANALYSIS
RESULTH: SUBCASE.1 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=139.8732 MPa, MIN=0.0 MPa, AS IS
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VON MISES : 139 8732 MPa (21} |

Figure D-50. Max. Von-Mises Stress Plot
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D.26. LC 04-2 Result

STATIC ANALYSIS 180.8717
RESULTH. SUBCASE.2 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=180.8717 MPa, MIN=0.0 MPa, AS IS 164.4208

147.986
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118.1002

98,6573
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ELEMENT £2,512 (T=25.0) &
VON MISES : 180.8717 MPa (22)

Figure D-51. Von-Mises Stress Plot
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Figure D-52. Max. Von-Mises Stress Plot
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D.27. LC 04-3 Result

STATIC ANALYSIS
RESULTH. SUBCASE.3 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=169.6126 MPa, MIN=0.0 MPa, AS IS
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ELEMENT 172,903 (T=55.0)
VON MISES : 169.6126 MPa (Z1)

Figure D-53. Von-Mises Stress Plot

STATIC ANALYSIS
RESULTH: SUBCASE.3 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=169.6126 MPa, MIN=0.0 MPa, AS IS

Figure D-54. Max. Von-Mises Stress Plot
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D.28. LC 04-4 Result

STATIC ANALYSIS 214.6921
RESULTH. SUBCASE.4 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=214.5921 MPa, MIN=0.0 MPa, AS IS 195.0837
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117.0602
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0.0

ELEMENT §2 512 (T=25.0) &
VON MISES : 214.6921 MPa (22)

Figure D-55. Von-Mises Stress Plot
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Figure D-56. Max. Von-Mises Stress Plot
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D.29. LC 04-5 Result

STATIC ANALYSIS 145.9489
RESULT#H: SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=145.8489 MPa, MIN=0.0 MPa, AS IS
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VON MISES : 145.9489 MPa (Z1)

Figure D-57. Von-Mises Stress Plot
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Figure D-58. Max. Von-Mises Stress Plot
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D.30. LC 04-6 Result

STATIC ANALYSIS 203.7268
RESULTH. SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=203.7268 MPa, MIN=0.0 MPa, AS IS 1852062

166.6866

148.165
129.6443
111.1237

92.6031
74.08248
5556186
37.04124
18.52062

0.0

ELEMENT £2,512 (T=25.0) &
VON MISES : 203.7269 MPa (22)

Figure D-59. Von-Mises Stress Plot

203.7268|

155.2062
166.6856

145.166)
1296443
1111237

92,6031
74.08245
5556186
37.04124

18.62062|

0.0}

Figure D-60. Max. Von-Mises Stress Plot
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D.31. LC 04-7 Result

STATIC ANALYSIS 131.8332
RESULT#: SUBCASE.7 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=131.8332 MPa, MIN=0.0 MPa, AS IS
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ELEMENT £2,512 (T=25.0) &
VON MISES : 131.8332 MPa (Z1)

Figure D-61. Von-Mises Stress Plot
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Figure D-62. Max. Von-Mises Stress Plot
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D.32. LC 04-8 Result

STATIC ANALYSIS 191817
RESULT#H: SUBCASE.8 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=191.817 MPa, MIN=0.0 MPa, AS IS 1743791
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139.5033
122.0654
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ELEMENT £2,512 (T=25.0) &
VON MISES : 191.817 MPa (£2)

Figure D-63. Von-Mises Stress Plot
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Figure D-64. Max. Von-Mises Stress Plot
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D.33. LC 05-1 Result

STATIC ANALYSIS
RESULTH. SUBCASE.1 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=178.6253 MPa, MIN=0.0 MPa, AS IS
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ELEMENT 172,953 (T=55.0)
VON MISES : 1786263 MPa (Z1)

Figure D-65. Von-Mises Stress Plot

STATIC ANALYSIS
RESULTH: SUBCASE.1 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=178.62563 MPa, MIN=0.0 MPa, AS IS
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VON MISES : 178.6258 MP i

Figure D-66. Max. Von-Mises Stress Plot
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D.34. LC 05-2 Result

STATIC ANALYSIS
RESULTH. SUBCASE.2 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=217.1192 MPa, MIN=0.0 MPa, AS IS

ELEMENT &8,712 (T=25.0)
VON MISES : 217.1192 MPa (22)

Figure D-67. Von-Mises Stress Plot

Figure D-68. Max. Von-Mises Stress Plot
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D.35. LC 05-3 Result

STATIC ANALYSIS
RESULTH. SUBCASE.3 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=148.732 MPa, MIN=0.0 MPa, AS IS
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(H(AERAHf

ELEMENT 172,997 (T=55.0)
VON MISES : 148.732 MPa (Z1)

Figure D-69. Von-Mises Stress Plot

STATIC ANALYSIS
RESULTH: SUBCASE.3 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=148.732 MPa, MIN=0.0 MPa, AS

ELEMENT 172,997 (T=5¢ 'I'
VON MISES : 148.732 MPa (Z/

Figure D-70. Max. Von-Mises Stress Plot
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D.36. LC 05-4 Result

STATIC ANALYSIS 181.2916
RESULTH. SUBCASE.4 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=181.2915 MPa, MIN=0.0 MPa, AS IS 164.8105

148.3296
131.8484
115.3674
98.8863
82.40525
65.9242
49.44315
329621
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0.0

ELEMENT &8,712 (T=25.0)
VON MISES : 181.2916 MPa (22)

Figure D-71. Von-Mises Stress Plot
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Figure D-72. Max. Von-Mises Stress Plot
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D.37. LC 05-5 Result

STATIC ANALYSIS 146.7882
RESULTH. SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=146.7888 MPa, MIN=0.0 MPa, AS IS 133.4443
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ELEMENT &8,712 {T=25.0)
VON MISES : 146.7892 MPa (Z1)

Figure D-73. Von-Mises Stress Plot
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Figure D-74. Max. Von-Mises Stress Plot
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D.38. LC 05-6 Result

STATIC ANALYSIS 2061314
RESULTH. SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=205.1314 MPa, MIN=0.0 MPa, AS IS 186.4831

167.8342
148.1865
130.8382
111.8898
93.24154
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0.0

ELEMENT &8,712 (T=25.0)
VON MISES : 205.1314 MPa (22)

Figure D-75. Von-Mises Stress Plot
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Figure D-76. Max. Von-Mises Stress Plot
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D.39. LC 05-7 Result

STATIC ANALYSIS 133.0454
RESULTH. SUBCASE.7 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=133.0454 MPa, MIN=0.0 MPa, AS IS 120.9503
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VON MISES : 133.0454 MPa (Z1)

Figure D-77. Von-Mises Stress Plot
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Figure D-78. Max. Von-Mises Stress Plot
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D.40. LC 05-8 Result

STATIC ANALYSIS 193.2644
RESULT#: SUBCASE.8 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=193.2644 MPa, MIN=0.0 MPa, AS IS 175.695

152.1266
140.556
122.9865
108.417
87.84748
7027798
5270849
36.13899
17.5695

0.0

ELEMENT &8,712 (T=25.0)
VON MISES : 193.2644 MPa (22)

Figure D-79. Von-Mises Stress Plot
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Figure D-80. Max. Von-Mises Stress Plot
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D.41. LC 06-1 Result

STATIC ANALYSIS
RESULTH. SUBCASE.1 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=186.7106 MPa, MIN=0.0 MPa, AS IS
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ELEMENT 172,953 (T=55.0)
VON MISES : 186.7106 MPa (Z1)

Figure D-81. Von-Mises Stress Plot

STATIC ANALYSIS
RESULTH: SUBCASE.1 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=186.7106 MPa, MIN=0.0 MPa, AS IS

ELEMENT 172,953 (T<550) - |
VON MISES : 186.7106 MPa h

Figure D-82. Max. Von-Mises Stress Plot
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D.42. LC 06-2 Result

STATIC ANALYSIS 2181234
RESULTH. SUBCASE.2 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=218.1234 MPa, MIN=0.0 MPa, AS IS 196,294

172.4646
158.6352
138.8058
118.9764
99.14702
7931761
59.48821
39.66881

19.8294

0.0

ELEMENT &8,712 (T=25.0)
VON MISES : 218.1234 MPa (22)

Figure D-83. Von-Mises Stress Plot
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Figure D-84. Max. Von-Mises Stress Plot
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D.43. LC 06-3 Result

STATIC ANALYSIS
RESULTH. SUBCASE.3 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=156.8066 MPa, MIN=0.0 MPa, AS IS
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ELEMENT 172,903 (T=55.0)
VON MISES : 156.8066 MPa (Z1)

Figure D-85. Von-Mises Stress Plot

STATIC ANALYSIS
RESULTH: SUBCASE.3 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=156.2066-MPa, MIN=0.0 MPa, AS IS

ELEMENT 172,903 {
VON MISES : 1668 ﬁ@ﬁ

Figure D-86. Max. Von-Mises Stress Plot
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D.44. LC 06-4 Result

STATIC ANALYSIS 180.0439
RESULTH. SUBCASE.4 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=180.0439 MPa, MIN=0.0 MPa, AS IS 163.6763

147.3087
130.9411
1145734

98.2058
81.83817
65.47053

49,1029
3273627
16.36763

0.0

ELEMENT &8,712 (T=25.0)
VON MISES : 180.0439 MPa (22)

Figure D-87. Von-Mises Stress Plot
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Figure D-88. Max. Von-Mises Stress Plot
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D.45. LC 06-5 Result

STATIC ANALYSIS 149.2767
RESULTH:. SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=149.2767 MPa, MIN=0.0 MPa, AS IS 135.7061
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Figure D-89. Von-Mises Stress Plot
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Figure D-90. Max. Von-Mises Stress Plot
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D.46. LC 06-6 Result

STATIC ANALYSIS 2068797
RESULTH. SUBCASESG - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=206.8797 MPa, MIN=0.0 MPa, AS IS 188.0725

169.2662

150.458
131.6507
112.8435
94.03624
7522899
56.42174
37.61449
18.80725

0.0

ELEMENT &8,712 (T=25.0)
VON MISES : 206.8797 MPa (22)

Figure D-91. Von-Mises Stress Plot
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Figure D-92. Max. Von-Mises Stress Plot
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D.47. LC 06-7 Result

STATIC ANALYSIS 131.3322
RESULTH. SUBCASE.7 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=131.3328 MPa, MIN=0.0 MPa, AS IS 119.3934
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ELEMENT &8,712 (T=25.0)
VON MISES : 131.3328 MPa (Z1)

Figure D-93. Von-Mises Stress Plot
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Figure D-94. Max. Von-Mises Stress Plot
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D.48. LC 06-8 Result

STATIC ANALYSIS 191.3699
RESULTH. SUBCASE.B - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=191.3699 MPa, MIN=0.0 MPa, AS IS 173.9726

156.6764
139.1781
121.7809
104.3836
86.98632
69.58906
5219179
34.79453
17.39726

0.0

ELEMENT &8,712 (T=25.0)
VON MISES : 191.3699 MPa (22)

Figure D-95. Von-Mises Stress Plot

191.3699 MPa, MIN=0.0 h A

Figure D-96. Max. Von-Mises Stress Plot
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D.49. LC 07-1 Result

STATIC ANALYSIS
RESULTH. SUBCASE.1 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=152.7718 MPa, MIN=0.0 MPa, AS IS
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ELEMENT £2,512 (T=25.0)
VON MISES : 152.7719 MPa (22)

Figure D-97. Von-Mises Stress Plot
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Figure D-98. Max. Von-Mises Stress Plot
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D.50. LC 07-2 Result

STATIC ANALYSIS

RESULTH. SUBCASE.2 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=169.6195 MPa, MIN=0.0 MPa, AS IS

ELEMENT &4,612 (T=25.0)
VON MISES : 169.61956 MPa (22)

Figure D-99.
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Figure D-100.
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Von-Mises Stress Plot

Max. Von-Mises Stress Plot
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D.51. LC 07-3 Result

STATIC ANALYSIS 136.7786
RESULTH. SUBCASE.3 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=135.7785 MPa, MIN=0.0 MPa, AS IS 123.435
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ELEMENT 41,613 (T=25.0) &
VON MISES : 135.7796 MPa (22)

Figure D-101. Von-Mises Stress Plot
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Figure D-102. Max. Von-Mises Stress Plot
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D.52. LC 07-4 Result

STATIC ANALYSIS 162.3662
RESULTH. SUBCASE.4 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=168.3658 MPa, MIN=0.0 MPa, AS IS 153.0507
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ELEMENT &4,612 (T=25.0)
VON MISES : 168.3669 MPa (22)

Figure D-103. Von-Mises Stress Plot
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Figure D-104. Max. Von-Mises Stress Plot
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D.53. LC 07-5 Result

STATIC ANALYSIS 127.7167
RESULTH. SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=127.7157 MPa, MIN=0.0 MPa, AS IS 1161052
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8127363
69.66311

68.06269

46.44207
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0.0

ELEMENT 114,199 {T=50.0) &
VON MISES : 127.7157 MPa (22)

Figure D-105. Von-Mises Stress Plot
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Figure D-106. Max. Von-Mises Stress Plot
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D.54. LC 07-6 Result

STATIC ANALYSIS
RESULTH. SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=154.724 MPa, MIN=0.0 MPa, AS IS

i

ELEMENT &4,612 {T=25.0)
VON MISES : 154.724 MPa (22)

Figure D-107. Von-Mises Stress Plot
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Figure D-108. Max. Von-Mises Stress Plot
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D.55. LC 07-7 Result

STATIC ANALYSIS 14207182
RESULT#H: SUBCASE.7 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=142.0718 MPa, MIN=0.0 MPa, AS IS

‘‘‘‘‘‘‘ 128.1562
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ELEMENT §2,512 (T=25.0) &
VON MISES : 1420712 MPa (22)

Figure D-109. Von-Mises Stress Plot
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Figure D-110. Max. Von-Mises Stress Plot
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D.56. LC 07-8 Result

STATIC ANALYSIS 182.8743
RESULTH. SUBCASE.B - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=182.8743 MPa, MIN=0.0 MPa, AS IS 166.2493

149.6244
132.9995
116.3745

99.7496
83.12467
66.49973

498748
33.24987
16.62493

0.0

ELEMENT &4,612 (T=25.0)
VON MISES : 182.8743 MPa (22)

Figure D-111. Von-Mises Stress Plot
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Figure D-112. Max. Von-Mises Stress Plot
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D.57. LC 08-1 Result

STATIC ANALYSIS
RESULTH. SUBCASE.1 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=152.7718 MPa, MIN=0.0 MPa, AS IS
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ELEMENT £2,512 (T=25.0)
VON MISES : 152.7719 MPa (22)

Figure D-113. VVon-Mises Stress Plot
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Figure D-114. Max. Von-Mises Stress Plot
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D.58. LC 08-2 Result

STATIC ANALYSIS

RESULTH. SUBCASE.2 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=169.6195 MPa, MIN=0.0 MPa, AS IS

ELEMENT &4,612 (T=25.0)
VON MISES : 169.61956 MPa (22)

Figure D-115.

AG OF 3 LAYERS

1956 MPa, MIN=0.0 MPa, AS IS

Figure D-116.
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Von-Mises Stress Plot

Max. Von-Mises Stress Plot
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D.59. LC 08-3 Result

STATIC ANALYSIS 136.7786
RESULTH. SUBCASE.3 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=135.7785 MPa, MIN=0.0 MPa, AS IS 123.435

111.0916
98.74798
86.40448
74.06098

61.71749
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4937399
AR
(IHARAR 37.03049

A 2466699

I 12.3435
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ELEMENT 41,613 (T=25.0) &
VON MISES : 135.7796 MPa (22)

Figure D-117. Von-Mises Stress Plot

LAYER
0 MPa,

Figure D-118. Max. Von-Mises Stress Plot
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D.60. LC 08-4 Result

STATIC ANALYSIS 162.3662
RESULTH. SUBCASE.4 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=168.3658 MPa, MIN=0.0 MPa, AS IS 153.0507

137.7467
122.4406
107.1355
91.83045
7652637

61.2203

4591522

3061015

([T 15.30507

WL
0.0

ELEMENT &4,612 (T=25.0)
VON MISES : 168.3669 MPa (22)

Figure D-1109. Von-Mises Stress Plot

4591522
3061015

1630607

Figure D-120. Max. Von-Mises Stress Plot
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D.61. LC 08-5 Result

STATIC ANALYSIS 127.7167
RESULTH. SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=127.7157 MPa, MIN=0.0 MPa, AS IS 1161052

104.4947
9288415
8127363
69.66311

68.06269

46.44207
3483156
2322104
1161052

0.0

ELEMENT 114,199 {T=50.0) &
VON MISES : 127.7157 MPa (22)

Figure D-121. Von-Mises Stress Plot
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ESULT#: SUBCASE.S - STRESE, VON MISES, MAX-MAG OF 3 LAYEF
ONTOUR: STRESS ON ELEMENT, MAX=127.7167 MPa, MIN=0.0 MPz
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Figure D-122. Max. Von-Mises Stress Plot
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D.62. LC 08-6 Result

STATIC ANALYSIS
RESULTH. SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=154.724 MPa, MIN=0.0 MPa, AS IS

i

ELEMENT &4,612 {T=25.0)
VON MISES : 154.724 MPa (22)

Figure D-123. Von-Mises Stress Plot
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Figure D-124. Max. Von-Mises Stress Plot
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D.63. LC 08-7 Result

STATIC ANALYSIS 14207182
RESULT#H: SUBCASE.7 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=142.0718 MPa, MIN=0.0 MPa, AS IS

‘‘‘‘‘‘‘ 128.1562
116.2406

103.3256
90.40935
77.49373
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ELEMENT §2,512 (T=25.0) &
VON MISES : 1420712 MPa (22)

Figure D-125. Von-Mises Stress Plot
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Figure D-126. Max. Von-Mises Stress Plot
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D.64. LC 08-8 Result

STATIC ANALYSIS 182.8743
RESULTH. SUBCASE.B - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=182.8743 MPa, MIN=0.0 MPa, AS IS 166.2493

149.6244
132.9995
116.3745

99.7496
83.12467
66.49973

498748
33.24987
16.62493

0.0

ELEMENT &4,612 (T=25.0)
VON MISES : 182.8743 MPa (22)

Figure D-127. Von-Mises Stress Plot
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CONTOUR: STR LEMENT, MAX=182. IN=0.0 MPa, AS IS
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Figure D-128. Max. Von-Mises Stress Plot
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D.65. LC 09-1 Result

STATIC ANALYSIS
RESULTH. SUBCASE.1 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=152.7718 MPa, MIN=0.0 MPa, AS IS
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ELEMENT £2,512 (T=25.0)
VON MISES : 152.7719 MPa (22)

Figure D-129. Von-Mises Stress Plot
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Figure D-130. Max. Von-Mises Stress Plot
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D.66. LC 09-2 Result

STATIC ANALYSIS

RESULTH. SUBCASE.2 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=169.6195 MPa, MIN=0.0 MPa, AS IS

ELEMENT &4,612 (T=25.0)
VON MISES : 169.61956 MPa (22)

Figure D-131.

AG OF 3 LAYERS

1956 MPa, MIN=0.0 MPa, AS IS

Figure D-132.
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Von-Mises Stress Plot

Max. Von-Mises Stress Plot

273

1692.6196

154.1996

138.7796

123.3597

107.9397

9251976

77.0098

61.67984

46.25988

3083992

15.41996

0.0




D.67. LC 09-3 Result

STATIC ANALYSIS 136.7786
RESULTH. SUBCASE.3 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=135.7785 MPa, MIN=0.0 MPa, AS IS 123.435

111.0916
98.74798
86.40448
74.06098

61.71749

i
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AR
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ELEMENT 41,613 (T=25.0) &
VON MISES : 135.7796 MPa (22)

Figure D-133. Von-Mises Stress Plot

LAYER
0 MPa,

Figure D-134. Max. Von-Mises Stress Plot
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D.68. LC 09-4 Result

STATIC ANALYSIS 162.3662
RESULTH. SUBCASE.4 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=168.3658 MPa, MIN=0.0 MPa, AS IS 153.0507

137.7467
122.4406
107.1355
91.83045
7652637

61.2203

4591522

3061015

([T 15.30507

WL
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ELEMENT &4,612 (T=25.0)
VON MISES : 168.3669 MPa (22)

Figure D-135. Von-Mises Stress Plot
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Figure D-136. Max. Von-Mises Stress Plot
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D.69. LC 09-5 Result

STATIC ANALYSIS 127.7167
RESULTH. SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=127.7157 MPa, MIN=0.0 MPa, AS IS 1161052

104.4947
9288415
8127363
69.66311

68.06269

46.44207
3483156
2322104
1161052

0.0

ELEMENT 114,199 {T=50.0) &
VON MISES : 127.7157 MPa (22)

Figure D-137. Von-Mises Stress Plot
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ONTOUR: STRESS ON ELEMENT, MAX=127.7167 MPa, MIN=0.0 MPz

ELEMENT
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Figure D-138. Max. Von-Mises Stress Plot
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D.70. LC 09-6 Result

STATIC ANALYSIS
RESULTH. SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=154.724 MPa, MIN=0.0 MPa, AS IS

i

ELEMENT &4,612 {T=25.0)
VON MISES : 154.724 MPa (22)

Figure D-139. Von-Mises Stress Plot
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Figure D-140. Max. Von-Mises Stress Plot
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D.71. LC 09-7 Result

STATIC ANALYSIS 14207182
RESULT#H: SUBCASE.7 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=142.0718 MPa, MIN=0.0 MPa, AS IS

‘‘‘‘‘‘‘ 128.1562
116.2406

103.3256
90.40935
77.49373

6457811
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ELEMENT §2,512 (T=25.0) &
VON MISES : 1420712 MPa (22)

Figure D-141. Von-Mises Stress Plot
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Figure D-142. Max. Von-Mises Stress Plot
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D.72. LC 09-8 Result

STATIC ANALYSIS 182.8743
RESULTH. SUBCASE.B - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=182.8743 MPa, MIN=0.0 MPa, AS IS 166.2493

149.6244
132.9995
116.3745

99.7496
83.12467
66.49973

498748
33.24987
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0.0

ELEMENT &4,612 (T=25.0)
VON MISES : 182.8743 MPa (22)

Figure D-143. Von-Mises Stress Plot
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Figure D-144. Max. Von-Mises Stress Plot
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D.73. LC 10-1 Result

STATIC ANALYSIS
RESULTH. SUBCASE.1 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=186.7106 MPa, MIN=0.0 MPa, AS IS
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ELEMENT 172,953 (T=55.0)
VON MISES : 186.7106 MPa (Z1)

Figure D-145. Von-Mises Stress Plot

STATIC ANALYSIS
RESULTH: SUBCASE.1 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=186.7106 MPa, MIN=0.0 MPa, AS IS

ELEMENT 172,953 (T<550) - |
VON MISES : 186.7106 MPa h

Figure D-146. Max. Von-Mises Stress Plot
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D.74. LC 10-2 Result

STATIC ANALYSIS 2181234
RESULTH. SUBCASE.2 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=218.1234 MPa, MIN=0.0 MPa, AS IS 196,294

172.4646
158.6352
138.8058
118.9764
99.14702
7931761
59.48821
39.66881
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0.0

ELEMENT &8,712 (T=25.0)
VON MISES : 218.1234 MPa (22)

Figure D-147. Von-Mises Stress Plot
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Figure D-148. Max. Von-Mises Stress Plot
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D.75. LC 10-3 Result

STATIC ANALYSIS
RESULTH. SUBCASE.3 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=156.8066 MPa, MIN=0.0 MPa, AS IS
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ELEMENT 172,903 (T=55.0)
VON MISES : 156.8066 MPa (Z1)

Figure D-149. Von-Mises Stress Plot

STATIC ANALYSIS
RESULTH: SUBCASE.3 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=156.2066-MPa, MIN=0.0 MPa, AS IS

ELEMENT 172,903 {
VON MISES : 1668 ﬁ@ﬁ

Figure D-150. Max. Von-Mises Stress Plot
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D.76. LC 10-4 Result

STATIC ANALYSIS 180.0439
RESULTH. SUBCASE.4 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=180.0439 MPa, MIN=0.0 MPa, AS IS 163.6763

147.3087
130.9411
1145734

98.2058
81.83817
65.47053

49,1029
3273627
16.36763

0.0

ELEMENT &8,712 (T=25.0)
VON MISES : 180.0439 MPa (22)

Figure D-151. Von-Mises Stress Plot
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Figure D-152. Max. Von-Mises Stress Plot
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D.77. LC 10-5 Result

STATIC ANALYSIS 149.2767
RESULTH:. SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=149.2767 MPa, MIN=0.0 MPa, AS IS 135.7061
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ELEMENT &8,712 (T=25.0)
VON MISES : 149.2767 MPa (Z1)

Figure D-153. Von-Mises Stress Plot
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Figure D-154. Max. Von-Mises Stress Plot
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D.78. LC 10-6 Result

STATIC ANALYSIS 2068797
RESULTH. SUBCASESG - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=206.8797 MPa, MIN=0.0 MPa, AS IS 188.0725

169.2662

150.458
131.6507
112.8435
94.03624
7522899
56.42174
37.61449
18.80725

0.0

ELEMENT &8,712 (T=25.0)
VON MISES : 206.8797 MPa (22)

Figure D-155. Von-Mises Stress Plot
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Figure D-156. Max. Von-Mises Stress Plot
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D.79. LC 10-7 Result

STATIC ANALYSIS 131.3322
RESULTH. SUBCASE.7 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=131.3328 MPa, MIN=0.0 MPa, AS IS 119.3934
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ELEMENT &8,712 (T=25.0)
VON MISES : 131.3328 MPa (Z1)

Figure D-157. Von-Mises Stress Plot
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Figure D-158. Max. Von-Mises Stress Plot
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D.80. LC 10-8 Result

STATIC ANALYSIS 191.3699
RESULTH. SUBCASE.B - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=191.3699 MPa, MIN=0.0 MPa, AS IS 173.9726
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86.98632
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0.0

ELEMENT &8,712 (T=25.0)
VON MISES : 191.3699 MPa (22)

Figure D-159. Von-Mises Stress Plot

655 e, MIR-00
AX=191.3699 Pa M|

AS IS

£
|
]

j

f

|

|

\

Figure D-160. Max. Von-Mises Stress Plot
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D.81. LC 11-1 Result

STATIC ANALYSIS 184.9077
RESULTH. SUBCASE.1 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=184.9077 MPa, MIN=0.0 MPa, AS IS 168.098

151.2882

134.4784

il 117.6686
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0111
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ELEMENT 172,853 (T=55.0)
Figure D-161. Von-Mises Stress Plot
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STATIC ANALYSIS 184.9077
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Figure D-162. Max. Von-Mises Stress Plot
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D.82. LC 11-2 Result

STATIC ANALYSIS 217.7347
RESULTH. SUBCASE.2 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=217.7347 MPa, MIN=0.0 MPa, AS IS 197 9406

172.1466
158.3525
138.85584
118.7644
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ELEMENT &8,712 {T=25.0)
VON MISES : 217.7347 MPa (22)

Figure D-163. Von-Mises Stress Plot
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Figure D-164. Max. Von-Mises Stress Plot
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D.83. LC 11-3 Result

STATIC ANALYSIS 156.0032
RESULTH. SUBCASE.3 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=155.0038 MPa, MIN=0.0 MPa, AS IS 140.9126

126.8213
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VON MISES : 155.0032 MPa (Z1)

Figure D-165. Von-Mises Stress Plot

STATIC ANALYSIS 156.0032
RESULTH: SUBCASE.3 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=155.0038 MPa, MIN=0.0 MPa, AS IS 140.9126
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ELEMENT 172,903
VON MISES : 155

Figure D-166. Max. Von-Mises Stress Plot
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D.84. LC 11-4 Result

STATIC ANALYSIS 180.4067
RESULTH. SUBCASE.4 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=180.4067 MPa, MIN=0.0 MPa, AS IS 164.0061

1476066
131.2049
114.8043
98.403865
82.00304
65.60243
4920183
3280122
16.40061

0.0

ELEMENT &8,712 (T=25.0)
VON MISES : 180.4067 MPa (22)

Figure D-167. Von-Mises Stress Plot
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Figure D-168. Max. Von-Mises Stress Plot
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D.85. LC 11-5 Result

STATIC ANALYSIS 149.4771
RESULTH. SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=149.4771 MPa, MIN=0.0 MPa, AS IS 1358803
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Figure D-169. Von-Mises Stress Plot
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Figure D-170. Max. Von-Mises Stress Plot
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D.86. LC 11-6 Result

STATIC ANALYSIS 2069992
RESULTH. SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=206.2998 MPa, MIN=0.0 MPa, AS IS 1881816

169.3636
150.5453
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ELEMENT &8,712 (T=25.0)
VON MISES : 206.9992 MPa (22)

Figure D-171. Von-Mises Stress Plot
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Figure D-172. Max. Von-Mises Stress Plot
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D.87. LC 11-7 Result

STATIC ANALYSIS
RESULTH. SUBCASE.7 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=131.1848 MPa, MIN=0.0 MPa, AS IS

il
A"

WL
UL

e

ELEMENT &8,712 (T=25.0)
VON MISES : 131.1848 MPa (Z1)

Figure D-173. Von-Mises Stress Plot
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Figure D-174. Max. Von-Mises Stress Plot
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D.88. LC 11-8 Result

STATIC ANALYSIS 191.2623
RESULTH. SUBCASE.B - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=191.2623 MPa, MIN=0.0 MPa, AS | 1735748
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139.0999
121.7124
104.3249
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0.0

ELEMENT &8,712 (T=25.0)
VON MISES : 191.2623 MPa (22)

Figure D-175. Von-Mises Stress Plot

Figure D-176. Max. Von-Mises Stress Plot
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D.89. LC 12-1 Result

STATIC ANALYSIS
RESULTH: SUBCASE.1 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS OM ELEMENT, MAX=141.6455 MPa, MIN=0.0 MPa, AS IS

ELEMENT 172,955 (T=66.0)
VON MISES : 141.6455 MPa (Z1)

Figure D-177. Von-Mises Stress Plot

STATIC ANALYSIS
RESULTH: SUBCASE.1 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=141.6455 MPa, MIN=0.0 MPa, AS IS

ELEMENT 172,955 (T=5
VON MISES : 1416455

Figure D-178. Max. Von-Mises Stress Plot
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D.90. LC 12-2 Result

STATIC ANALYSIS 180.6867
RESULTH. SUBCASE.2 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=180.6867 MPa, MIN=0.0 MPa, AS IS 164.2606

147.8346
131.4085
114.9824
9855638
82.13032
65.70425
4927819
3286213
16.42606

0.0

ELEMENT £2,512 (T=25.0) &
VON MISES : 180.6867 MPa (22)

Figure D-179. Von-Mises Stress Plot
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Figure D-180. Max. Von-Mises Stress Plot
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D.91. LC 12-3 Result

STATIC ANALYSIS
RESULTH. SUBCASE.3 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=171.4154 MPa, MIN=0.0 MPa, AS IS

il
i

ELEMENT 172,903 (T=55.0)
VON MISES : 171.4154 MPa (Z1)

Figure D-181. Von-Mises Stress Plot

STATIC ANALYSIS
RESULTH: SUBCASE.3 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=171.41564 MPa, M AS

ELEMENT 172,903 (T=55.
VON MISES : 171.41

Figure D-182. Max. Von-Mises Stress Plot
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D.92. LC 12-4 Result

STATIC ANALYSIS 214,789
RESULTH. SUBCASE.4 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=214.789 MPa, MIN=0.0 MPa, AS IS 1952627

176.7364
156.2102
136.6839
117.1676
9763135
78.10508
5857881
39.05254
19.52627

0.0

ELEMENT £2,512 (T=25.0) &
VON MISES : 214.789 MPa (22)

Figure D-183. Von-Mises Stress Plot
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Figure D-184. Max. Von-Mises Stress Plot
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D.93. LC 12-5 Result

STATIC ANALYSIS 145.4726
RESULT#H: SUBCASES - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=145.4726 MPa, MIN=0.0 MPa, AS IS
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ELEMENT £2,512 (T=25.0) &
VON MISES : 145.4726 MPa (Z1)

Figure D-185. Von-Mises Stress Plot
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Figure D-186. Max. Von-Mises Stress Plot
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D.94. LC 12-6 Result

STATIC ANALYSIS 203.3879
RESULTH. SUBCASESG - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=203.3879 MPa, MIN=0.0 MPa, AS IS 184.8981

166.4083
147.9185
129.4287
110.9389
92.44904
7395924
55.46943
3697962
18.48981

0.0

ELEMENT §2,512 (T=25.0) &
VON MISES : 203.3879 MPa (22)

Figure D-187. Von-Mises Stress Plot
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Figure D-188. Max. Von-Mises Stress Plot
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D.95. LC 12-7 Result

STATIC ANALYSIS 132,202
RESULT#: SUBCASE.7 - STRESS, VON MISES, MAX-MAG OF 3 LAYERS
CONTOUR: STRESS ON ELEMENT, MAX=132.202 MPa, MIN=0.0 MPa, AS IS
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ELEMENT £2,512 (T=25.0) &
VON MISES : 132.202 MPa (Z1)

Figure D-189. Von-Mises Stress Plot
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Figure D-190. Max. Von-Mises Stress Plot
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D.96. LC 12-8 Result

STATIC ANALYSIS 192.1262
RESULTH. SUBCASE.B - STRESS, VON MISES, MAX-MAG OF 3 LAYERS

CONTOUR: STRESS ON ELEMENT, MAX=192.1268 MPa, MIN=0.0 MPa, AS IS 1746608
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0.0

ELEMENT §2,512 (T=25.0) &
VON MISES : 192.1269 MPa (22)

Figure D-191. Von-Mises Stress Plot
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Figure D-192. Max. Von-Mises Stress Plot
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