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Structural Design and Analysis of Cantilever-type
Helideck Using Topology Design Optimization

Tae Won Jung

Department of Ocean Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

Helideck is a structure used for the landing and take-off of helicopters
for transporting operating personnel and goods of ships and offshore
structures. This is one of the essential facilities that must remain safe for
an escape in emergency situation. Helidecks have several shapes depending
on the type of offshore structures or the installation location. Generally, in
ships, a part of an upper deck is often used as a helideck. However,
offshore structures are equipped with various process facilities on the
topside, so that it is more effective to use a cantilever-type helideck to

prevent potential collisions between these facilities and the helicopter.

Meanwhile, topology optimization is a numerical method that determines
the placement of structural members according to prescribed constraints. In
this thesis, the structural design of a cantilever-type helideck is studied
using the topology optimization. Generally, the conventional helideck is
designed in accordance with the requirements from classification, and

excessive safety is usually taken into account. Therefore, it is the final
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objective of this study to apply the topology optimization to the truss
members of the helideck in order to reduce the material usage while

maintaining required safety.

Then, finite element model is created from the optimal layout of truss
structures of the optimized helideck, and structural analysis is performed
under various combinations of landing positions and wind directions. The
analysis results are verified based on the representative helideck design
regulations such as DNV-0S-E401 and CAP-437. Also, the detailed cross
section dimensions of the structural members are determined so that the
maximum stress at each structure member does not exceed the allowable
stress of the structural material. In addition, linear buckling analysis is
performed on the final optimal model, and nonlinear buckling analysis is
also performed by applying the first mode shape obtained from the linear
buckling analysis as an initial imperfection. Finally, the optimal helideck
design gives significant decrease in the total weight of the helideck, while
satisfying regulations and requirements from classification discussed in this

work.

KEY WORDS: Helideck @2 B =; Topology design optimization #17 3ZAdA;
Structural analysis T-Z34; Lightweight design 7d &3} d7.
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3% 8 Fetee wHd FERAYe AT B O Y A3E oE

T4 DNV-OS-E401%} CAP-437¢ Et2 HAZ3or,
°)E o R 7t Fx FAo] Ash= £l AR L $He Hs)
A BES s FA AT 9H F4S 2T HTHoE o3
Aurdo] st ¥ A=Y= #83*8}9512&1 A ﬂ%sﬂ* = T3 Lo
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NFEAE A= A% B Axdrles 357 8 Gad Au A

Park &2 ddae] AAMSd g g fids A7 F3A
¢ H(Plate), B 7FA(Stiffener) L 3F5-<] AT (Girder), 1&(Truss)i e

detel BAe eEn AAESEE 1AL ?Z‘éﬁ”% 5350

2, AW Zol, EYxe] BAFH meA FAFAL olF T ol
S zcl e Wl a BASe] nolk TEH B4 welayw, A
ANGE ANFoEA FALS B FA0] AR AES ART 5 AL

H A H(Park, et al., 2014).

N

o

olAH Wi ATFE el T FAY AR &
3t A7 Y= e AR A AHSEHE AEE W T
T gFstA FAEAT. dubgo s dgas AE(SteeD)s AHESE A Z
HA gk HIZole AE 23 A=Y AE(TIGPAE 7HAW PWEQT70kg/m’) =
oF 30 & &EuH(Aluminum)S A8ty A FEl= Wi o g Ay 3 A
3l7} 4= 5 21 A tHChoi, 2016; Koo, et al., 2014; Park, et al; 2016).

Choie ¢2rFoz AR Az T2 284 Bt B8 478
Bakith. W7 Eurocode9ol A AASHE 9lE WHMOR I=AAE 5359

o AR Azt T2 WL 8313 TtHChoi, 2016).

Koo 5 ¢Frlg gdze nixyg g &) d7& 3435t A
o] A(Pancake), AH, AXEZ FAH AU IE HASIH S HA) A= ¢
F HAEAE T3 AZete st skt =3 ANSYSE o] &35t H|AdF
e 53 F=AEE FAsAHKoo, et al., 2014).
Park 52 ¢Fvrlg dYUIE 48 34 AZEH QA SACSE o] &35l
.]

NS FPgstgon, tudl 5 =4S 18ste] Yda B F
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ZE9 38 W9, VIV(Vortex induced vibration) A=, o 21¥x](Towing winch),

AELE Fx2EF 183 dZ2890oint)e] ZAE 5 I=AIZE 5olo S35}

Atk Z=A 3+ AISC LRFD 13th9} API RP 2A 1st edition & EU=Z 43
H Ao
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Fig. 1 Cantilever-type helideck
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3 AR Fx FAY diA= Park soll o FdE A7E FEskdohPark,
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obfoll= EAA7F 0.6om FAC = fAetal Atk &, IAHE 3.25m HA L
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Fig. 2 Types of structural members constituting
helideck
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Fig. 3 Referenced helideck model
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2.2. 1’ HALAE o] &3 E HiA

AAAAG ofwd TA tald BARSE Ao it Hases A7
5 =l

How 33} 4k}, 3% 5 v £okoll =dE] Z&HA Q)

TZE9 HHEA 8= WHAE A =27 HFAEA, 84 HF
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AN F2 ZEHTh 94 HZHAAE Bendsoest Kikuchiol ofs w23
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(Bendsoe & Kikuchi, 1988). o]2|gt #&sH 7|uke] 94 HAHA = 3l
QA48 o]Fojz wAFEZMicrostructure)oll Al 849 & 3
Aol 25 e WHolth. LAY mAlFRS] HE3 do] 2Adl o
o7t 7] WiZo AFE AXY g o, AxtHAe] Bt @A
}.

aF, #Asy vke] §1d HAdAe Higkew nehkdl SIMPH(Solid
Isotropic Material with Penalization) AAFY o] 849 HUid=E AA
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(Bendsoe 1989; Zhou & Rozvany 1991; Milejnek 1992).
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B ERolAE AYAM Aeuas) sk sezngel ba oY A4
AE Agdh Fg 4= A4 AAAZL 4887 Aol 27 muolth A
ool Wl s el TzE 3209 ASUA AR, & 63179
Az Py on ol AZE J9oT TRRUT MEE BA:
AFFEET} ARAHE FRE AFFEET AAHE 6719 FolA 64FEE

Fig. 4 Initial design model of cantilever-type helideck
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2) AAE A9

AARGE Ao AR polH, ot 4 (DI} o] ALHE Azl 9E
E (Young’ s Modulus)& AAWMSS] g2 A o3t

E=p"E, D

A71M, Ee AEE= AR 7IE FGER 200GPe, pe 2 E A5 (Penalty
facton® p=57F AHEHAT. p= AR EA 55 Uei= #o= 0d
25 As7E EASHA gon, 14 A5 Asrt AT AvE 7HH I 9
o A AHAA AN pe ghol 0 By 1= s Xehe Aeh T

A= ol#d S =79 Z(ntermediate density)elal dok. o] EAE 3
Ast7] 95t dEE HEEATHE AFAEstH I gtol AdTE 2 BA)
ol HIzyl 0 e 12 FHE&t B =RoAs 2 (2 Zo] FHjAlel= =

ZAM 7]*H(Heaviside projection method)¥ 14:3F 7]¥H(Continuation method)

o] 37 Ar£-5ATHGuest &Prevost, 2006; Sigmund, 2007; Ha, 2016).
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99 A AA FRAN HA o MAS =257 sl AAGGY AR FF
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BA BAE AT AR AAETEA 02 RES
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Fig. 5 Optimized model of cantilever-type helideck
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Fig. 6 Iteration history
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Fig. 59 245 EdZ 94 HZHHA F23A kHd S AES] Y3
1292 ANSYS Mechanical APDLO|A] #4384 mdS

M-S FRstATE FFes AL Fig 73 o] Aguae] SHolEE 44
A 4 @249l SHELL181, Y™ RA= 2474 W @49 BEAMISSS o] &3&}]
zdystdch 2 A F 68,3860 HAF 79639719 848(d 84 61,241
M, ¥ 24 18,3987 7F A A = ATt

Fig. 7 Finite element model using ANSYS MAPDL
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A 37 Yz AAZH}F A3

dodl = AA Aole dYul A0 A&k stsEol ALy E ook s o]
w3k oz MR fAEe] EATH. dNtdor ARREHE RS CAAY
CAP-437(Offshore helicopter landing area), DNV 2] OS-E401(Helicopter decks),
ICAOS] HM9261(Heliport manual), API®] RP 2L(Recommended practice for
planning, designing and constructing heliports for fixed offshore platforms) s
o] o, B =Fo|A= CAP-4373 DNV-0S-E401-& H &3l AFE F3h3}
At

31 AYFEHY FAS3IT

2] = HFEHE HAH = A A
= 7 73 2 LYFHE ol&ste] AAFHo ok 3
o 2 =&dAe A2 el 7 ddetA +8E™ deula A A
Agusta WestlandAFe] EH-101 &2 FEE HAA Al AMEH
AstA . EH-1019] &2 14.6E°|H, 4do] 22.8m, =9|
6.62mo]th. v} = Fig. 99} Zo] F 3/M=E ¢k VN, Sukd 22 F4 5 o
UTHHSE, 2004). Ae]FE o] niF el v ao] A= WAL x84 A A5
stzo] A" HEOZ DNV-0S-E401°] 2l& EdiZ 712, A2 Z+ZF 400mm,
200mm= 27 HDNV, 2001D).

o [
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Ay}
HU
"lj O_u l‘lr
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Fig. 8 Agusta Westland” s EH-101 helicopter
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Fig. 9 Arrangement of EH-101 helicopter wheels
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dur oz YelFE o 4 AFAFL A o AFEFF) B HFA5E
Fote] FHAAFOR AGTh obef Table 12 7 71w B2 345
£ UEha Zlolth EolA & & UFol B AFAFE BFHY FH2A

Table 1 Dynamic load factor(C,) by each institution

Institution (Code) | Emergency landing | Normal landing
ICAO (HM9261) 2.5 1.5
API (RP-2L) 1.5 -
CAA (CAP-437) ) 1.5
DNV (OS-E401) 3.0 2.0

53], CAAS] CAP-437¢] 7 %o+ HFHY ZAFstEs 44 Al 53 85

At olyel dgd el x4 394 (Structural response factorn)= &
A F3te] AL ole FREY TS Aty HEEHE AFE FAH
AHE fEiAE YAy 1R AT ARE dFE F WY 7
i3k AR7E dasitt o]H3 RE T3 L3R

o % ﬂ]—’F Asrd 4 glom 139 723 SHATE A&t okt
2l AAE Al o8 71 T DNVE OS-E4019] &

A stsAlget CAAY 724 SHAT EFE A&t ofg o A (DF} o]

A535 AT

ol

2

e &

4

_l

P =13 X C, X g X MTOM (kN) (M
2L DA C= 54 stEAlgel™ DNVE 74 duk 52144 2.0,

_']8_
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A ZE5 2704 3.0& FLa9T. g5 FHrlERo) MTOMMaximum
certificated take off mass)2 #E|FEHS HUY o|FFFFo =2 EH-101 2 F

Blo] Hu o|zEFa<l 14.6tonS #8353 Th
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TZ2ES AT dole I F2E AAHE A9 AEHA 845 17
stojofgitt, AWk o 2 sfF2EY] A9 §4d AAHeE FRE HEA
Hhgholu ute Fo g Q% A5 IdFS 21 9 A wen sdTx
ol X%+ doula JA SAstF o3 dFES A won, o3
AstE3 delFEl 2A53Fo] 7/ uy"E A7 ot DNV-0S-E401
ol EFEH o3t T wef z A A = o] A

loads), #F#3<d< 3+5(Green sea loads)7} Ao d‘ﬂ*ﬁﬂ 253 43
M= AMdets, AAFUYT szl AHALHA gt ol wEt B =FodlA
T SotENhe HstEo R adsdth. DNVIAE Fstss deuzae
of Azt o R AEste YHORE HLSIES A A ot I A7+ 4
® 2ot
1 2
pZEC;pV ®

A71A, pe F719 BWE 1.225kg/m’, O ¥ AS(Pressure coefficient)©]
H, V= Ha 799 10m HolA 1&3F T ets F5Y Hgkolth. DNV
A= dElFH e 25 =X (Landing condition¥ 7% 30m/s, AA] =7 (Stowed
condition 79 55m/sE A&k =3I C = Fig. 1034 o] #9F oA
(Leading edge)oll A 2.0 EdYE o A(Traling edge)olAl 0= &3t F3t
FT= A EES}F FEE AAFITHDNY, 200D).
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Fig. 14 Arrange of truss members in initial model 2
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41 4 FFxANXY F2H4

Fig. 15 Landing position under normal landing condition

Fig. 156 #FE7F vtF Al A BFE o] &3t dgu a9 7t st
A ZAEF3h= AFoln, oy =S ¥t AExHolgtn st dd A9
EHolEe} niA7t FF3e WAL AFE}Fo] 48E FEOSE Fig 159 W
A 2ot oo WE ke 3.1.2- 2 4 (Dol o8 4 FAg. 1 A7)
= 372kNOI®™, 400mm < 200mm2] vk Al Aol BYsA o] A& =AU
A AR N HHEAT LR HH-1 2o diste] FtE] W
& Fig. 163 o] 57HA] Alojx~g o] Fdstfon, 1 FoA 7 2
$9E BAstE WEFl diste] Al 7 2do siA AIE Blws] Bt
Z3fo) WE HA-1 Ao Fx A= Fig. 179 o] Yersth
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Fig. 16 Application of wind loads direction in ANSYS
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Fig. 17 Analysis results for optimized model 1 under normal landing

condition
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Table 2 Maximum stress under normal landing condition

Structural Initial Optimized Initial
member model 1 model 1 model 2
[MPa] [MPa] [MPa]
Plate 26 50 23
Girder 86 174 91
Stiffener 39 64 62
Truss 210 117 248
Support 233 140 144
Allowable stress 210 210 210
Weight [ton] 540 259 259
4 Avte AWRE 27)-1 wde] Ae AZE RAd Wy Ao &
go] 54 $Yntt a1 Es RAjd BsE A 9 94 54
2 AL AT F Aok 1 99 BAdA = 3§ $HEY EX Fe 3Y
o] WAYESITh ol B2 RAle) AgFo] wol Ao JFo AT 14

=)

W woo AZE BACA 2 33 S0l WA Ao RAL EY, B

.@7&8}{— 2B =Y, Ade] WS e $Ho] WAIFnE Ee
e 2o AFo 9T Folt B A} 2EZUle] S ol
= 3

st Ao FxE A i =gl Ak

5
o Mlake] oF 60%2] LEwto] WABTY ol & FeFo| Zas}
zEo A ZA BASE o] Al Bab®l o] Ao Azt
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A HAALA L mARtS FRlsr] Hel & FEo] T3} FHA-1 2l
%27]-2 29 vwd)] BHs uw, HH-1 mdo] Egxd dAs= Yo =
71-2 B9 Efxd WASE S8 131MPe Aolve AS 1T F 3l
o L ASE ARSSIAAT A HAHLAE AHSst FAE AT F

o

Initial Model 1 Optimized Model 1 Initial Model 2

| B () S - —
0 .178E+08 .356E+08 .533E+08 .711E+08
.889E+07 .267E+08 .444E+08 . 622E+08 :

Fig. 18 von-Mises stress distribution for each model under normal landing

condition
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4.2, v FAFEANAY F=I4

g AREAe 2FAe] 24 %, Aol A BAl, BolEHe 8,
el detst gH B olel b BAIZ Qs A FEHs A a0l s
A 255

S2PlAE YW FH2PUTG G 2 S YA o] W, WelFH
7} A5G W FeolEst AFeE WA ®E sbg Hote] 4HL nelshelol
StEE YelFEt vl @ AR AFAGI S, @ e waA mE
152 A gstel A4S FYSHATh Fig. 199 o] HHIX =3 by 2
ol WAT Zlolzt AzHE FeolES gAY 9B MG om, H
wol WL dw FH2A A 7AF 2 9ol BAsAd 49 AolsE A
stol h4e FASYLh ool et H2-1 mYel 4 A%E Fig. 203} Table
300 LhERRSAL.

Fig. 19 Cases of the landing position under emergency landing condition
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Fig. 20 Analysis results for optimized model 1 under emergency

landing condition

Table 3 Analysis results for optimized model 1 under

emergency landing condition

Collection @ kmou

Landing | Plate Girder | Stiffener | Truss Support

Position | [MPa] [MPa] [MPa] [MPa] [MPa]
1 61 154 72 132 86
2 77 344 284 167 109
3 40 141 57 157 119
4 129 262 300 178 160
5 64 231 95 178 183
6 199 400 451 200 206
7 84 273 113 194 202
8 68 151 78 208 210
9 44 177 94 199 227

- 30 -




HA-1 2do A dFEY FF AlolzoA & 39S I e 89
of WAYSFAATE, 2 Aol2ol A FAolA 344MPa, 61 Ao]2=2] HIFAY
9} A FEA A A Z+7t 451 MPa, 400MPeE 34 S8R 2 $Ho] sty
ot o]& 69 Alo]x HAFHX| 9 stek Fojo] AR BAVE HA ujx] =
A7) WEoZ AAEM, o9 £ &8 23 LAL W] A SR
H7ro] HQsl},

_31_

Collection @ kmou



A5 R dEYHI FALAA

AH-1 mdo] 4 AgolA 7bg 2 S0l BASUWE v4 AF2D 60
Aol2=o] A}E EUZ &3t 2 $o] WA BPAs} Ar) 2Ao
gdH X5 A o] B9t B A= BAAS Ar EAle AR thH X
S WSAAIEA Ws] e RAo $7e FUAHT Tx e vy
527 60 Aolzolq FAHYCH, EAe] AR BUASE AZE HI-3
ZA ¢ HT-36 ZAE AH&she Aol st 22t Astdoh

o

ali

[\

5.1 FA AF @iXs 23

A 25271 6 Aol2dAe sl A3} & HU 8o A= 849
von-Mises 238 RZE ANSYSO|A A &F3+= 3-D BEAMS 4 9] ESHAPE 7]%5<&

ol g-8e] Fig. 213} zZo] UEMISTH

o} .100E+09 .200E+09 .300E+09 -400E+09
.500E+08 .150E+09 .250E+09 .350E+09 .450E+09

Fig. 21 Von-Mises stress distribution for stiffener and girder under

emergency landing condition case-6
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BAe] E3WA(Flange)et H(Web)e] AfolofA Ho) o] dAsIH S H,
AG o] FA;AANA Ho) So] BAstE S AU ol s HAFA)
S ZWA 9 do]lE 90mmell A 100mm, %JJB] ZolE 250mmoll A 300mm

2 ®As FAE 242 Imm¥, AG e A FA;AY FAS Imm¥ SVt
z }AS FRsAT o] 7—.L T2 A #Aste Al 3¢

o gelsigon, TAH e Fig. 229 Table 43 2tk Table 404
Z7|A 55 A&7 AolzolH, GF,

o
SF, SW& Z+7} Ar &%, 28z FWA, 2H=ZY 19 FAE v

_4

Table 4 Maximum stress according to change detail section

dimensions under emergency landing condition case-6

Case GF/SF/SW | Plate Girder | Stiffener | Truss | Support
[mm] [MPa] [MPa] [MPa] [MPa] [MPa]
1 14/16/12 199 400 451 200 206
2 15/17/13 180 385 395 200 207
3 16/18/14 177 371 382 200 208
4 17/19/15 173, 358 371 200 209
5 18/20/16 173 346 361 200 210
6 19/21/17 171 335 351 200 211
7 20/22/18 169 326 342 200 212
8 21/23/19 167 316 335 200 214
9 22/24/20 165 308 327 200 215
10 | 23/25/21 163 300 320 200 216
11 | 24/26/22 161 293 314 200 217
12 | 25/27/23 160 286 308 200 218
13 | 26/28/24 158 280 303 201 219
14 | 27/29/25 157 274 297 201 220
15 | 28/30/26 155 268 293 201 221
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Fig. 22 Maximum stress according to change of detail section

dimensions- under emergency landing condition case-6
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Fig. 23 Analysis results for optimized model 2 under emergency

landing condition

Table 5 Analysis results for optimized model 2 under

emergency landing condition

Landing | Plate Girder | Stiffener | Truss Support

Position | [MPa] [MPa] [MPa] [MPa] [MPa]
1 56 118 61 145 100
2 72 255 201 177 121
3 42 129 54 168 131
4 102 189 200 190 171
5 70 204 90 182 194
6 161 293 314 200 217
7 84 237 105 200 213
8 69 138 68 220 221
9 53 157 84 198 230
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Fig. 24 Analysis results for optimized model 3 under

emergency landing condition

Table 6 Analysis results for optimized model 3 under

emergency landing condition

Collection @ kmou

Landing | Plate Girder | Stiffener | Truss Support

Position | [MPa] [MPa] [MPa] [MPa] [MPa]
1 58 131 65 140 94
2 72 287 226 173 116
3 41 137 55 163 126
4 108 219 230 184 166
5 67 219 93 180 189
6 171 335 351 200 211
7 82 256 110 198 208
8 68 147 72 215 217
9 50 168 89 197 228
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Initial Model 1 Optimized Model 2

I . ==
0 .222E+08 .444E+08 .667E+08 .889E+08
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Fig. 25 von-Mises stress distribution for initial model 1 and optimized model 2

under emergency landing condition case-6
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£ musel 7 RAM FH2 Uehd ot AnE s

© 27 1 malo] Ws) 250% (o 46.4%)°)

S AT, HH-3 =] F$ 263E (F 48.8%)° As Ay
% 99tk HA-3 BAA AgHE HI-36 349 29 0

= =2
S5 HT-32 44 2o AR A 38889 AW Wy} &
o

Table 7 Weight distribution for each model

Structural Initial Optimized | Optimized | Optimized
member model 1 model 1 model 2 model 3
(ton] [ton] [ton] [ton]
Plate 62.0 62.0 62.0 62.0
Girder 31.2 31.2 38.2 34.7
Stiffener 23.2 23.2 47.0 37.3
Truss 351.9 70.9 70.9 70.9
Support 71.2 71.2 71.2 71.2
All 539.5 258.6 2894 276.2
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ARHAT 24 10S 33 doAA+ B4 HA=2AEs TFE2EY %2714 F(nitial
imperfection)®} ¥®]41& A (Non-linearity)°] a8 = A g2 o]&FQ1 FrolH, &
A FHZ9e 193 1737 FHZ8 A (Eigenvalue buckling analysis) o2 =7
TE AAY A o> v RFH] Ayt dojHth wea] AA FxE
g AR AsAe 2712TS uHd vAdE #2384 (Nonlinear
buckling analysis)e] F7}8 o2 o€t

H

Ay HZFAHL HEstE F AVE AxFoR ZUAITE HIAY
A A3 4 (Nonlinear static analysis)e 3t FE2E9 Ass EWE =3}
T= ARste Wolth. viAdE HFA LS AA Vet d 2T AToE A%
13} ¥4 &(Geometrical nonlinearity)3} #} =22 4475 (Plastic behavior) &2

2 213 A7 nuAdFMaterial nonlinearity) 2.2 Us 4 Aot B =FoA 7]
a7 2714 Y 1/A H2AAS 3 1A H2 2 T‘é*&—% Ed=2
of A&stRtt =3 A5 WY M-S T3] fal Fig. 269 39~
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(Tangent Modulus)= ®4AIF9 1/30%] 6.67GPaZ 283+ Bilinear stress
.]
o]

strain curveE A= EAXZE HLSHTH

Stress (MPa)

0 0.001 0.002 0.003 0.004 0.005
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Fig. 26 Bi-linear stress strain curve
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6.1 IFA HI3HH

ANSYS Mechanical APDL< ©] 83 X =2 HHs| A 285
= 350 FalAE =344 Buckling load facton)E &#H3t} oS S9
100N stg< 71ete i s F3stdS o, FA=stsAs7E 050 A5 FH=
352 100<0.5 = 50N Aoty mekA H=ZstTA 7t 15T 2 A foll=
A& o5 A|BRT AL aFolx FH=o] HAITHE AL ov|dTh

B =EdAs ZAEA 8 F HFHeE dojd HZH-2 o st
Fig. 273 o] 57kA1 F& Aol=st 974A wlAd 2AF54E Aol=E =Tsty
747y 16 #HZAAH L FPsg o, 1 A7 Table 83 o] z+ Aojx 4
2 #FFegATE YEth

Fig. 27 Case of eigenvalue buckling analysis
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Table 8 Eigenvalue buckling load factors for optimized model 2

under each condition

Landing Wind Direction

Position 1 2 3 4 5
1 5.8511 5.8563 5.8929 5.9420 5.9728
2 2.5085 2.5132 2.5264 2.5403 2.5469
3 7.9075 7.6988 7.6369 7.7516 7.9865
4 7.4571 7.2712 7.2159 7.3183 7.5275
5 7.7093 7.5109 7.4519 7.5610 7.7843
6 6.1877 6.1056 6.0556 6.0653 6.1295
7 7.1030 6.9145 6.7283 6.6466 6.7099
8 5.9633 5.8599 5.6977 5.6399 5.6861
9 8.2486 8.0426 7.8955 7.8848 8.0160

W Aolzok F8 1 Aol zolA e AFEFAS
< Solshglom, o ge o 252 AASFRT 250
2 sFe AeRAe W HFo] WAVTE vz ANT F Atk AA

AFH whoh gol LHA HZIHHL WHEH Avo|BE, ;A =
o4 A%E EU 14 #F BE 942 27402 43l 44T ®
Dol thste] FrhE MY HA2HHS Sk Dok
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6.2. BIAY =34

g 29 Aolzsh T 19 ?1101*01] W 14 4,% vE Y4e 7)Ao
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3, A A2A47%, i d(Large deformation)$H <& 3

t YJ44S EYE DNV 7]1&S 74 Zole] 0.00154
Z714% 2719 HAUAZE HEsto mds AHT & 4]
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Fig. 28 1st buckling mode shape applied to each structural member of helideck
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Table 9 Nonlinear static analysis result for optimized model 2

Design Load

Elastic Strain

Plastic Strain

Total Strain

Multiplier
0.0 0.000114 - 0.000114
0.2 0.000347 - 0.000347
0.4 0.000581 - 0.000581
0.6 0.000815 - 0.000815
0.8 0.001049 - 0.001049
1.0 0.001282 - 0.001282
1.2 0.001516 - 0.001516
14 0.001578 0.000095 0.001673
1.6 0.001589 0.000411 0.002000
1.8 0.001609 0.000979 0.002588
2.0 0.001630 0.001595 0.003225
2.2 0.001655 0.002328 0.003983
2.4 0.001683 0.003137 0.004820
2.6 0.001719 0.004168 0.005887
2.8 0.001762 0.005425 0.007187
3.0 0.001810 0.006807 0.008617
3.2 0.001858 0.008210 0.010068
3.4 0.001915 0.009863 0.011778
3.6 0.001971 0.011485 0.013456
3.8 0.002027 0.013106 0.015133
4.0 0.002087 0.014842 0.016929
4.2 0.002152 0.016721 0.018873
4.4 0.002210 0.018421 0.020631
4.6 0.002268 0.020087 0.022355
4.8 0.002324 0.021708 0.024032
5.0 0.002377 0.023263 0.025640
5.2 0.002429 0.024756 0.027185
5.4 0.002483 0.026322 0.028805
5.6 0.002532 0.027751 0.030283
5.8 0.002589 0.029406 0.031995
6.0 0.002648 0.031127 0.033775
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Fig. 29 Strain curve showing yield behavior for optimized model 2
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