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Structural Design Optimization of Offshore Helidecks
Based on
Genetic Algorithm with AISC Standard Sections

Ki Chan Sim

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

Abstract

A helideck is one of essential structures in the offshore platform
for the transportation of goods and operating personnel between land
and offshore sites, and it should be carefully designed and installed
for the safety of the offshore platform. In this study, the structural
design optimization method for the lightweight offshore helideck 1is
developed based on genetic algorithm and attainable design set
concept. A helideck consists of several types of structural members
such as plate, girder, stiffener, truss and support elements, and the
dimensions of these members used to be pre-defined by the
manufacturers. Therefore, we defined the attainable design sets by
collecting all the standard section data for these members from
American Institute of Steel Construction (AISC), and assigned the
integer section labels as the design variables in the genetic
algorithm process. The objective is to minimize the total mass of the

offshore helideck while satisfying maximum allowable stress criterion
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under various loading conditions including self-weight, wind
directions, landing positions, and landing conditions. In addition,
the wunity check process 1s also applied for the additional
verification of structural safety from the buckling failure of the

helideck.

KEY WORDS: Helideck @& t]=; Genetic algorithm 7% &¢iig]&;
Standard sections %3 ©H; Lightweight design 2 &3} A4,
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Fig. 3 Cross-sectional shapes of helideck member group

Fig. 4 Helideck FE model

_4_

%)Collection @ kmou



2.2. 2Yv 3 AAskE A

A Fx MRS 1] A E ded A FFE HA= St
T= e AEoAY dYuas Fx A4S T Stk weA e
=2 AA Aol b Ao 2&ste stsE0] e Eojof st o]o] #7k
g8 7HA] FAHEC] EAgT. IHtF o R A2 CAAS] CAP-437(Offshore
helicopter landing area), DNV<¢ OS-E401(Helicopter decks), ICAO<]
HM9261(Heliport manual), API®] RP 2L(Recommended practice for planning,
designing and constructing heliports for fixed offshore platforms) 5] <dth.
71 & CAP-4373 DNV-0OS-E401S #Faste] AASES 443t deu=a

o ¥Fe F= ste2 LHFH A5, ok, AT, AAdsks, 4 Hd

22.1. #F3F

Az FEe FE2AL Ut F5I wy F50 T A FFzdow TR
]_

J_:[':
dth o F AW FEzdeld WelFHe AA B dejddo] FFIHE =

A Wug o 2 A5eFe TAAE 1Y A5EAANAE T2 HHA A
E7h Wasith B mRdAE @Il g 2 3o B4 & = A
9 A A Al Bl FEF B IR FEH}E 4L WY FE=

Collection @ kmou



T 283 32 3FA 4 (Dynamic load facton= TFAEE o}l Table 13}
ol AL,

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) 2 k! 1.5
DNV (OS-E40D) 3.0 2.0

Jm
o

, CAASI A AAsk= CAP4379 ZA-¢, &2 stsATERE of
TZ4 —O“jﬁl “=(Structural response facton)= ¥ 3te] o] 253}
Az Fx=9 LfAEFTol w2t gho] 22 = Ao
= T2E 7Y XS 1Y fs A8HE ASEA 1R
#e 7AW FE ol TAZSE ALtslr] SlsiAe AAE B FE
A 7ol 2 SAH da 229 IFAFF7]1e AR
stet. o]l thsf A2l % Eﬂ FOAAA FAY, 1 ARES EU=E
A7} 1310 2z o ditd o2 135 ALt B =iolA
B2l DNVE 53 iAot CAAAA AN 723 &

2 gt dARFsT= AT

PR N U o2
o
olo
Eﬁ
2,
o rlr

P, =13 x C, X g X MTOM (kN) D

Collection @ kmou



2 (DAlA Ce 53 s5ASolH DNV Al dut RE5xHoA 2.0,
g ZEFAA 3.0& ALSAY. 9= THZ/ISESEolH MTOMMaximum
certificated take off mass)2 REFEIY Huj oA FFHFo = dgua AA
Al durH o7 ALl Agusta WestlandAe] EH-101 @2]FE Y 320 14.6
<= A&stAnt. 919 AAFFsFol A&ete 29 W32 DNV-0S-E4019]
S EUE 72, A2 742 400mm, 200mm=z Z2As AT 24 (DS E3) A
3 AARFsFO Z7|E 372kEN°IW, 400mm X 200mm B2 & 3l

TEES AAY wels I FEE0] AAHE A9 #A4H] 24E 1
stojof 3ot Ao 2 S FTEEo] A dwt S ARy @44
847 vigoly wi= SO Qs FashA Y. TRl A
He dedacde A52A8W oiyet @45t dFe] A FAEsrz,
AsFol 18y AA7E Fasith DNV-OS-E40ll& ZFshE, HAsts, 7
¥ A]drsts 58 delvla AAA nHsjord AgLeR WgAsta it o]
& LAFEIF FFse FFelMe Hdsks, d s sse H8HA
%l Fetarto]l 1y et mEkA £ =N FekeutE AT
2 st FAHCE Ik APH A Hol AF sPoR gt
dHo 2 AFsteF Atk DNVE 5485l Tshe= BHstgo= 53t
R T A7) okl A @9 2o

1 2
p 56;pV @)

A7, pE B9 WE 1.225kg/m?, C, & WA G (Pressure Coefficient)e]
M, V= HF 599 10m YolA 187 By F£9 HAZS on s
DNVolA = e FEe ZAE521Y 4 HU 30m/s=Z AAISo. =3+ C}]-‘L_—‘-

_7_

Collection @ kmou



2ld ol A|(Leading edge)oll A 2.09] I712, EIH
o 7|2 AASIA FstFs Fig 59 ol AARxstFY FH=E ALMSHA
=3

A e =e) FeolEL BZHgo|
ettt euae #9 UL mestel YAlA ALY 5 ds
A AR A o Fig 63 o] AT WY A4S AAE F 9
b H3, FHE F 5 AR BT ¢ dE v AF52AY A9E BF 45
A7} B delEla A A A Slstel Fatel e s

45 7FA] Mg 2AE xS BT At 72 S AEIT

P

Collection @ kmou



Lesdivg — !
edge edge

Wind direction

Fig. 5 Wind load on helideck plate

Fig. 6 Emergency landing load and wind load
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Table 2 AISC T-shaped standard sections

Collection @ kmou

2 Design variables AISC standard sections(m)
m Section 1D b d tl t2
d 1 0.0508 | 0.0752 | 0.0033 | 0.0025
| t1
b 325 0.4724 | 0.5486 | 0.1151 | 0.0767
Table 3 AISC L-shaped standard sections
{2 Design variables AISC standard sections(m)
B Section 1D b d tl t2
d 1 0.2032 | 0.2032 | 0.0159 | 0.0159
Jt1
b 15 0.3048 | 0.3048 | 0.0351 | 0.0351
Table 4 AISC I-shaped standard sections
Design variables AISC standard sections(m)
Section 1D b d tl t2
d —t 1 0.0572 | 0.0762 | 0.0033 | 0.0023
Jt1
4 351 0.4724 | 1.0947 | 0.1151 | 0.0767
12 -
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Table 5 Optimized section sizes of cantilever beam

Size optimization with
individual section sizes

Size optimization with
AISC standard sections

Collection @ kmou

Section ID - 141
b(m) 0.1050 0.1780
d(m) 0.9370 0.6100
t1(m) 0.0288 0.0221
t2(m) 0.0006 0.0127
Maximum stress(MPa) 355 329
Total mass(kg) 515 1180
- 15 -




=R =]
=4

gl =2

3]
=

(Genetic algorithm)

=

=

A gy
=RA= dda F

[e]
o A% g T

T
=

3.2.

i

T
"
e

~

_6L

oo

o
fau
Y

23

HA sk7] #1s) AISC

0|35

oo

o

M

shike] 47

S

[e)

=

shiek FAY wE A5E

S

3

o

2=
T

wK

il
KO

B
e

Np

MeE AFR o] FolA

P mekM A

°

Aol AWz A4

lom HeolE o

P
]

=
=

ANT A 2y @ W5

=
=

Rl Rk

o

o 7] %3k

Furel AR AL
o Aol #2)
Ageleh. debd A @

FSA T

Mels
Holland (1975)e <J3] A Al
A 22 A Ad A

o

1T},

0

PN
T

fo13
=

b 7ol et

|[BEAow dAA dA <

—_
o

™

o

el

il

0

2 2HGene)

Bis

g5 7

33k 3k Ao
o] A 3% (Fitness)

o

-
It

el A4 A (Chromosome) &

5|

’

oFg] jel FAAZE dem o] HAA

_'__6
= [e)

i

|
i

=

=

=
=

| —

)

(Generation) |

&

oF

=

o

3

A

S
=

A

- Althel

sl o

3

7

ke
T

bt

N
ﬁo

_16_

]
)

Collection @ kmou

Aol A o]

LN

I



=

83 ol FHA dagls WFAHLRE JdFAY(Encoding AAHS AAH olF
Wl dBinary string o2 WEsitt HIH [FAAEES wldste] st A
S AyAsta, o] FMAEe] oW 3 MUE FASE T (Population)e] H
ot o] I AAAES] AFEE WU Fo tF AE TS 93
t}e-o] A= (Selection), 1 xHCross over), ¥Ho](Mutation)9} & X3} A&

>

b

I A= dAAE AdEste tE Ade dMAz 2tz st
o A
v

AAEFL na LD Holo| AR E+= FE(Parents) GAA|7F H

- AAA wjdel BojA= AHESE YR AdEste, o
4e 7|20 Fig 99 o] Az waate T 7ol =L 22)(Children)
) o

dste 22 990 e 0L ANTALAGE fux L8 0T

) =
9z o|Foja AMALL AL 1 e 00 EE 02

Aoltt. o114 W]
‘10 2 urE Zolt

_17_

Collection @ kmou



Gene 1 Gene 2

Chromosome | 1 [0 [ 1|1 ]o]o[1][1]o0] 1]
\ A J

| |

Designvariables S, S,

Fig. 8 Chromosome in genetic algorithm

Division point

Parent1 [ 1] oo 1]o]o0]

—
N
o]
N

Parent2 |1 ] 0|1 ]1]0]1]

4

Children1 [ 1 o [0 [ 1]0] 1]

o
o]
o]
N

o
S|
o|
N

Chidren2 [ 1 [0 [ 1 [ 1] 0] 0]

—
e
S|
N

Fig. 9 Crossover

Mutation point

Parent [ 1 ]ofJof[1]ofJo[1]1]0]1]

4

Chidren [ 1 ][0 0|0 ]o0o]Jo]1]1]o0]1]

Fig. 10 Mutation

_‘|8_

“ollection @ kmou



O
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A 9] 58582 otgo 4 (93 o] HeojHAr
Ua,llowable = 770‘71/71914 (9)

A7V e AHE Alg(Usage factor)olw &Sz wel Eebx =, gyt
A521Y A5 0.67 AHEsH, ¥ AEEAY AF 1S AMEST oy,
Agel FgELHorw H =FRoixEs HT-36 ZAS A5z AHE3HoH,
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712 (Equivalent stress)o] Ml ZAEF =AY weol 3 355MPag 9%
RS AHAAY. Hedo Afat YNH Tre 515 4
(10} 2ol Aolsty, W g4+ 1xY g40]7] wjZo 4 AD3 o] 5442
/\ oh;]_
O pivalent = \/Ji + O‘Z + O'z +o,0,+to0 +o0,+3 (iy + 7‘52 + 7‘21) 10)
O-Equivalent for beam element \/U +3 ) (11)
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34. 34821 AANUnity check) Z=A

Y de WoR o]RoF FxFol7] i Ase FEZFHRS 117
g 3889 =R ofygt FAje T Y 9 X g, o] ol nE B4
= 1H% 72 HAES Iyete Aol Bu ¢AF HAAE IS+ UTh
et B =RoAE 72 A SHdA 1o A5E e HA™HHEAE A
A7) Qs 9ut Az AAIRAS USRS va FE FIdA AFst
= 58 <9 AdAH(Allowable Stress Design, ASD)S Fradte] 3-&-2n] A

A2 dEjula HAEAY Ao R HASAT

o
TzEo AL & & Ytk @ BA9 3

% Hgedn AAE FANT AL 2 e NG 2A Hesgn
2 Aok #gsgul ANE 2 FAE FaEn oo 4 (12), (13

]
(14), (15)9} 7o) el g},

. g 1 fa fby sz
UC, (Combine unity ratio) = E—i— Tby—i- 7 (12)
. . fvy fvz
UG, (Shear unity ratio) = mazx (—~, 3 ) 13
vy vz
. . . fo Ja
UC, (Buckling unity ratio) = maz , ) (14)
F, F.
ue,.. =max(UC, UG, UG) (15)
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Table 6 Linear superposition method

Unit : MPa 0, Ty Te O Bquivalent
Wind load with - -39.23 ~0.03 0.04 -
acceleration of gravity
Landing load -270.62 0.38 -0.50 -
Sum -309.85 0.35 -0.46 309.85
Combined load -309.85 0.35 -0.46 309.85

Collection @ kmou
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Table 7 Result for OPT-1 model

Member | ABC 1 poy | dm) | ) | t2m) | Weight(ton)
group Label
Plate - - - - - 62.0
Girders WT15X58 | 0.2667 | 0.3810 | 0.0216 | 0.0144 31.5
Stiffeners | L8X8X5/8 | 0.2032 | 0.2032 | 0.0159 | 0.0159 33.8
Trusses HP12X89 | 0.3124 | 0.3124 | 0.0174 | 0.0174 80.7
Supports | W36X256 | 0.3099 | 0.9500 | 0.0439 | 0.0244 57.1
All - - - - - 265.1
Table 8 Maximum equivalent stress for OPT-1 model
Equivalent Wind Wind Wind Wind Wind
stress(MPa) | direction 1 | direction 2 | direction 3 | direction 4 | direction 5
Landing 163 163 163 161 161
position 1
Landing 932 231 229 227 227
position 2
Landing 191 201 202 196 185
position 3
Landing 209 218 220 213 202
position 4
Landing 252 256 259 957 253
position 5
Landing 249 251 953 251 249
position 6
Landing 227 231 238 244 245
position 7
Landing 215 219 223 227 228
position 8
Landing 247 953 959 260 257
position 9
- 34 -
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Table 9 Maximum critical unity ratio for OPT-1 model

Collection @ kmou

Critical Wind Wind Wind Wind Wind
unity ratio | direction 1 | direction 2 | direction 3 | direction 4 | direction 5
Landing 0.9645 0.9638 0.9606 0.9565 0.9541
position 1

Landing 0.8869 0.8858 0.8797 0.8723 0.8678
position 2

Landing 0.7138 0.7362 0.7444 0.7337 0.7103
position 3

Landing 0.9852 0.9178 0.9224 0.8870 0.8371
position 4

Landing 0.8825 0.9073 0.9171 0.9062 0.8810
position 5

Landing 0.9191 0.9212 0.9277 0.9213 0.9194
position 6

Landing 0.8055 0.8303 0.8401 0.8292 0.8040
position 7

Landing 0.7485 0.7639 0.7798 0.7868 0.7809
position 8

Landing 0.8894 0.8756 0.8908 0.9260 0.9606
position 9
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Fig. 16 Equivalent stress distribution for OPT-1 model
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Fig. 17 Critical unity ratio distribution for OPT-1 model
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412, 29 At U@ o
B R ARMA A3k = A% bsd L T2 GRS FAR] I
l

& 7129 APATF mdReference modeD, FA ©He 2+ (5SS AA
#2 3t ANAAS P ZPOPT-2 mode), 3§28 =AWS 13
HZHA Az =H(OPT-3 modeDe] &4 24, o 57189

£-39Hl & "Wtk Table 102 APAT 2o @ X4 2 FA,
Table 11& OPT-2 =de] @@ 24 9 FA|, Table 12 OPT-3 =de| o
A4 @ BAS JelgH, Table 13914 2 2 Ho 571%
&8 HlE YEr AT

18

N
=
n
)

Table 10 Result for reference model

Member b(m) dm) am | 2m | Weight(ton)
group
Plate - - - - 62.0
Girders 02500 | 07500 | 0.0190 | 0.0100 34.7
Stiffeners | 0.1000 | 03000 | 0.0210 | 0.0170 37.3
Trusses 03000 | 03000 | 00180 | 0.0160 71.0
Supports | 0.6000 | 0.6000 | 0.0360 | 0.0320 712
All - - - - 276.2
- 37 -
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Table 11 Result for OPT-2 model

Member b(m) dm) m | t2m | Weight(ton)
group
Plate - - - 62.0
Girders 0.2667 | 0.4638 | 00216 | 0.0144 34.9
Stiffeners 02032 | 02032 | 00159 | 0.0159 33.8
Trusses 02939 | 03243 | 00174 | 0.0174 82.1
Supports 03202 | 0.7954 | 0.0439 | 0.0088 40.8
All — — - 953.6
Table 12 Result for OPT-3 model
Member | ABC 1 poy 1 gm | o) | t2am) | Weight(ton)
group Label
Plate - - - - - 62.0
Girders | ST12X53 | 0.1999 | 0.3124 | 0.0277 | 0.0157 28.8
Stiffeners | L8X8X5/8 | 0.2032 | 0.2032 | 0.0159 | 0.0159 33.8
Trusses | W18X50 | 0.1905 | 0.4572 | 0.0145 | 0.0090 50.5
Supports | W36X170 | 0.3048 | 0.9195 | 0.0279 | 0.0173 37.8
All - - - - } 212.9
- 38 -
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Table 13 Comparison of OPT-1 model and others

Member | Landing | Wind | Maximum | Landing | Wind | Maximum
group position | direction | pguiuen | POSition | direction uc,..

Ref 6 3 354 6 2 5.5550
OPT-1 9 4 260 4 1 0.9852
OPT-2 9 4 299 9 1 0.9989
OPT-3 9 4 352 5 1 720.2539

Z Y, 57 53 2 BAE nHsor @ o) 2o
OPT-1 ®do| A$ntt Aeke] 2718 27 AAE B &FHH ARE
Ae & 9tk AU Awe] 277 5

A sojdt}. o] EAZ Ay 9l 7] Ao OPT-1 =deo] v x4
BARE 71 @NAE =4 3 HAALEAE APkt T2 Table 119
9d X4 AAE BA g A4 MR Qlste OPT-1 Rdeo ©H Xe)

A MAHA ot ZE A7 @ A7 gREd As &

Ao ET | @] A, SWA FA} 49 F
FAEE 2 AU OPT-2 Y AMZES ©d X

jm
200 HES= 7= A FAER? Aot =EHdTL = g Ao

Table 13¢] H9AT =, OPT-3 mdle] A%E RW 3§38 =AW 1

Bste] HARYE A AU 57kl H&3Y 5MPacl T ZHIT @

of e AL HAT F vk EF, wHe] 54 I PAe) $Y YES 3o
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(TRS_H, TRS_V, TRS_D)©.2 Ular, Fig. 193 o] MEEE F 1071 HA)

£ #F5 Aol He FA & o2 F 59 FA 1&FESPTI, SPT2, SPTS,

SPT4, SPT5) 2.2 U+<ith

_4']_

Collection @ kmou



Diagonal

Fig. 18 Categorization of trusses group

Fig. 19 Categorization of supports group
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422. BA 1% 10/ 24 A4 Az}

2A 15 107 =d2(OPT-4 modeDe o] OPT-1 xRt} AA WHErE &
o FAAY o] ¢ gl A 7] wwol e A= 20002 AAE A
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Fig. 20 Convergence history of OPT-4 model
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Fig. 21 Mass reduction for each members from the largest AISC section of
OPT-4 model

- A4 -

Collection @ kmou



Table 14 Result for OPT-4 model

Collection @ kmou

Mgi?fsr ﬁi; bm) | dm) | tim) | t2m) | Weight(ton)
Plate - - - - - 62.0
Girders | WTI5X86.5 | 0.3810 | 0.3861 | 0.0272 | 00166 |  47.0
Stiffeners | L8X8X5/8 | 0.2032 | 02032 | 00159 00159 & 338
TRSH | W2IX55 | 02088 | 0.5283 | 00133 | 00095 292
TRSV | HPI4X117 | 03785 | 0.3607 | 0.0204 | 0.0204 6.2
TRS.D | WI2X53 | 02540 | 03073 | 0.0146 | 0.0088 |  22.3
SPTI | W24X279 | 0.3378 | 06782 | 0.0531 | 00295 2.7
SPT2 | WISX106 | 0.2845 & 04750 | 0.0239 | 0.0150 2.9
SPT3 W21X122 0.3150 0.5512 0.0244 0.0152 3.3
SPT4 | S20X66 | 01590 | 05080 | 0.0202 | 00128 42
SPT5 | W36X330 | 04216 | 0.9576 | 0.0470 | 00259 315
All - - - - - 245.1

s




Table 15 Maximum equivalent stress for OPT-4 model

Equivalent Wind Wind Wind Wind Wind
stress(MPa) | direction 1 | direction 2 | direction 3 | direction 4 | direction 5

Landing 163 164 161 157 153
position 1

Landing 228 238 239 230 216
position 2

Landing 932 242 243 233 220
position 3

Landing 247 958 959 249 236
position 4

Landing 267 279 274 279 268
position 5

Landing 266 271 274 272 266
position 6

Landing 215 920 224 927 226
position 7

Landing 229 233 938 241 239
position 8

Landing 257 269 275 270 258
position 9
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Table 16 Maximum critical unity ratio for OPT-4 model

Critical Wind Wind Wind Wind Wind
unity ratio | direction 1 | direction 2 | direction 3 | direction 4 | direction 5
Landing 0.8182 0.8179 0.8144 0.8097 0.8066

position 1
Landing 0.9494 0.9482 0.9252 0.8967 0.8793
position 2
Landing 0.8234 0.8620 0.8714 0.8460 0.8022
position 3
Landing 0.9212 0.9616 0.9709 0.9435 0.8974
position 4
Landing 0.9675 0.9877 0.9970 0.9900 0.9708
position 5
Landing 0.9577 0.9837 0.9985 0.9934 0.9714
position 6
Landing 0.9407 0.9666 0.9814 0.9763 0.9544
position 7
Landing 0.7408 0.7723 0.7997 0.8068 0.7896
position 8
Landing 0.8372 0.8759 0.8942 0.8814 0.8450
position 9
- 47 -
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NODAL SOLUTION
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Fig. 22 Equivalent stress distribution for OPT-4 model
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Fig. 23 Critical unity ratio distribution for OPT-4 model
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