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Structural Design Optimization of Gageocho Jacket Structure
Considering Unity Check
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Abstract

Offshore jacket structures generally comprise steel members, and the safety standard for jacket structures typically focuses on the steel

components. However, large amounts of concrete grouting is filled in the legs of the Gageocho jacket structure to aid in the recovery from

typhoon damage. This paper proposes a safe and lightweight design for the Gageocho ocean research station comprising steel members instead

of large amounts of concrete reinforcement in the legs. Based on the actual design, the structural members are grouped according to their

functional roles, and the inner diameter of the cross-section in each design group is defined as a design variable. Structural optimization is

carried out using a genetic algorithm to minimize the total weight of the structure. To satisfy the conservative safety standards in the offshore

field, both the maximum stress and the unity check criteria are considered as design constraints during optimization. For enhanced safety

confidence, extreme environmental conditions are assumed. The maximum marine attachment thickness and the section erosion in the splash

zone are applied. Additionally, the design load is defined as the force induced by extreme waves, winds, and currents aligned in the same

direction. All the loading directions surrounding the structure are considered to design the structure in a balanced and safe manner. As a result,

compared with the current structure, the proposed structure features a 45% lighter design, satisfying the strict offshore safety criteria.

Keywords : offshore jacket structure, structural design optimization, genetic algorithm, unity check, Gageocho ocean research station
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Concrete grouting
Inserting steel piles

Fig. 1 Gageocho ORS before and after recovery(Kim et al, 2019;
Woo and Sin, 2012)

E}EW 2 =it A= 7FAZ0RS S0 dA TS 7]

A W WA St staol A = 6888 Y 3
|52 AlFx7le WESHES QHHSHHA & Kt 7R
7}A %O0RS AAE AQFst LA} ght.
785, S e AR o tief &
EX Ak she] fAE 24512 93k 94 A A A(Kim
and Chung, 2014)7} <385 v} Qict S 224 sla|g 3
o] Egjatzo] i 4% HAsHE 93 A
(Jung et al., 2017) 2} A8t 7|919] 2] 2 thH 2 A (Sim et al.,
2019)0] A7tH B} Ik 2 =Roj A= AA Mol Yo uh
2} sk 51 8-5-2n] Aok S Aol e n g, Bl A
P g mAY Aok YollA a0 ® X efE gast

A G LW ES H g

HN

211989 4mY

B oA Lo)| A AE-EE 714 2ORS 9812 4 1 E(Fig, 2)2 A1

Y H(Kim et al., 2019)E- 2F115}o] ANSYS Mechanical APDL
17.1(ANSYS Inc., 2017)& E3] vF=9l o 0], G5 2o wha}
2295 Ao Aerheleh AT RASL pipe2ss, 1
9] A E-2 beam188 QAEFI O 2 16,9787 AT} 12,066
Mo 242 FA=ETCH 7PA % B7F AA R 314 (Woo and Sin,
2012)0] whet 74 S Al 4= 200GPa, ROk Hl= 0.3
A&t FE-E=(0y)> A2 E 17} 345MPa,
1E o)A 290MPac|H o] 52 Aoz
& TSIt 1 9 B FA ol A 250MPa’] 2| 7}

ZOlEA

206 =EHMTZIEE =2 M4 M45(2021.8)

l6Y=250MPa

'-‘- i
Beam188 ¥ luY=290MPa

“Pipe288
ug, =345MPa

LR LN, ¢ M\
TLLEFT R L bR LV T

L\‘A

Fig. 2 Gageocho ORS FE model(L: element type; R: yield stress)
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Fig. 4 Profile of the design current(Woo and Sin, 2012)
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Table 1 Drag and inertia coefficients(Woo and Sin, 2012)

Surface roughness Cp Cu
Smooth surface 0.65 1.6
Rough surface 1.05 1.2
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Fig.5 8 design loading cases
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Fig. 6 Total base shear force under the design wave and current
with incident angle of 0°

Table 2 Largest total base shear force under the design wave and
current condition from 0°
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Fig. 7 Largest total base shear forces by direction

Fig. 8 Members not satisfying the unity criterion(L: ANSYS with
in-house code, R: SACS)
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Fig. 12 Chromosome(L: Case-1, R: Case-2)

Table 3 Design variables for Case-1 and Case-2

Case-2
Case-1 -
Top Middle Bottom
Horizontal braces X X X, X,
Diagonal braces X, - X, X;
Jacket legs X, X X, X
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Table 4 OPT-1 and its weight
X; X5 X; Weight(ton)
1.27 2.07 1.37 460.92
Table 5 Critical unity and equivalent stress of OPT-1
Loading o4
cases(Incidence U,
angle) 345MPa | 290MPa | 250MPa
0° 0.9888 184 65.0 175
45° 0.9947 229 74.0 154
90° 0.9993 186 69.1 182
135° 0.9949 229 75.7 173
180° 0.9718 185 67.0 172
225° 0.9835 226 71.2 153
270° 0.9765 188 65.7 178
315° 0.9940 229 70.7 170
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Table 6 Optimal design variables of OPT-2

Top Middle Bottom
Horizontal braces 0.70 3.29 1.85
Diagonal braces - 1.65 1.21
Jacket legs 0.84 0.75 1.41

Table 7 Largest Ucr and allowable stress ratio of OPT-2

(Us)max (o /o4)max

0.9999 0.680

Table 8 Weight of current Gageocho ORS, OPT-1, and OPT-2(unit: ton)

Current OPT-1 OPT-2
Steel members 299.56 460.92 376.85
Steel piles in legs 39.17 - -
Concrete in legs 338.87 - -
Total weight 677.60 460.92 376.85
Weight reduction - -216.68 -300.75
Reduction rate - -31.98% -44.38%
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