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A Comparative Study of Approximation Techniques
on Design Optimization of a FPSO Riser Support Structure
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Abstract

The paper deals with the comparative study of design optimization based on various approximation techniques in strength design
of riser support structure installed on floating production storage and offloading unit(FPSO) using offshore operation loading
conditions. The design optimization problem is formulated such that structural member sizing variables are determined by
minimizing the weight of riser support structure subject to the constraints of structural strength in terms of loading conditions. The
approximation techniques wused in the comparative study are response surface method based sequential approximate
optimization(RBSAQ), Kriging based sequential approximate optimization(KBSAO), and the enhanced moving least squares
method(MLSM) based approximate optimization such as CF(constraint feasible)-MLSM and Post-MLSM. Commercial process
integration and design optimization(PIDO) tools are employed for the applications of RBSAO and KBSAO. The enhanced MLSM
based approximate optimization techniques are newly developed to ensure the constraint feasibility. In the context of numerical
performances such as design solution and computational cost, the solution results from approximate techniques based design
optimization are compared to actual non-approximate design optimization.

Keywords - response surface method based sequential approximate optimization, Kriging based sequential
approximate optimization, moving least squares method, constraint feasibility
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£ 1 FPSO9 %2 2%

Contents Particulars
Type Spread mooring type FPSO
Length 310.0m
Breadth 60.0m
Depth 30.0m
Min. ballast draft 8.0m
Max. displacement
&g I;H#%H 460,000Ton

T

T
(AT

Front-view Side-view

a2l 1 FPSO 2to|d 2T xe FEA 28

E 2 MEEAX|

Steel |Young's modulus | Poisson’'s | Density |Yield stress
grade (GPa) ratio (kg/m®) (MPa)
EH24 206.0 0.30 7.85e03 235.0
EH32 206.0 0.30 7.85e03 315.0
EH36 206.0 0.30 7.85e03 355.0
J% 2 FPSO 2to|H BEZT=xo| A
H 3 Z7| MAOIMe 2=LE Hs
Specification Value Load Condition
Weight(ton) 148.9
von Mises stress(MPa) 124.7 Operating
von Mises stress(MPa) 146.8 Extreme
von Mises stress(MPa) 102.9 Damaged
von Mises stress(MPa) 175.5 OLFC
von Mises stress(MPa) 286.7 Installation
Initial design(mm) |t;, %y ts, ty, b5, tg =20, 30, 22, 14, 24, 15

Installation condition
Contour Plot (Analysis system)

1.100E402

1000E402
——9.000E+01
—— 2000401
— 7000401
—— 6000401
2-s000E401

1000E+01
= 15%E15

O 3 dA|zol| et SHME(ER : MPa)
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minimize W= Wt ty ts tysts, tg) (15)

subject to g, = operating stress < 207 MPa (16)

gy = extreme stress < 207 MPa (17)

g3 = damaged stress < 207TMPa (18)

g4 = OLFC'stress < 207 MPa (19)

g5 = installation stress < 312MPa (20)
where 12.0< ¢, <28.0(mm)
22.0< t, <38.0(mm)
14.0< t, < 30.0(mm)
10.0< ¢, <18.0(mm)
16.0< t; <32.0(mm)

9.09.0 < t; <21.0(mm)
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A9l taiA RBSAO, KBSAO, MLSM, CF-MLSM
3 Post-MLSM 7I"= A-&3lo ZAAe] d2e hEot

= =1
T 4 ZAEXMA Zo |
23y 248 (mm) Z23(Ton) |24 AZ2ATE(MPa) |[ZAHE A3 43 7H3]) | A4t 28A42HZ) | 74524 7184
t, =18.
t‘ _22 ? =135.1
=175 ~199.0
]F:LEA%) t‘”’ _ 13'1 126.4 =111.2 - 105,935 Feasible
=237 “lolz
5o 312.0
t,=14.8
t,=19.2
t‘ _23 . =146.3
2 ’ =172.2
t,=16.5 .
RBSAO =105 122.2 =120.5 2,479 99,144 Feasible
1‘4*23.6 207.0
5o 312.0
t,=11.3
t, =18.7
t‘ _22 . =145.4
2 ’ =172.6
t,=16.5 .
KBSAO L =105 122.0 =120.2 1,709 84,863 Feasible
1‘4*24.3 207.0
5o 312.0
ty=12.5
t, =18.2
t‘ _22 0 =153.6
2 ’ =180.9
t,=14.0 .
MLSM L =119 120.5 =126.1 175 96,470 Infeasible
1‘4*19.5 218.8
e 321.0
t,=13.6
t, =18.
t‘ _22 i =144.5
2 ’ =170.2
t,=15.5 .
CF-MLSM 135 127.3 =118.8 175 729,709 Feasible
1‘4*23.7 205.9
5o 310.4
t,=14.9
t, =18.4
t‘ _22 0 =147.8
2 ’ =174.1
t,=14.0 .
Post-MLSM ¢t =131 122.4 =121.5 170 97,707 Feasible
1‘4*22.3 206.7
5o 311.8
ty=14.4
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Tteration

6 8 10 12 14 M 18 20 22 24 26 28 30 32 34 36

Constraint g,- OLFC condition

-35.0 -
—Active constraint —S-IFEA -©-MLSM —A-CIF-MLSM —+Post-MLSM

a8 4 MLSM/CF-MLSM/Post-MLSM 2|5} =2 Z3}(g,)

30.0

20.0
10.0

Iteration
0.0 Sia=cy

6 8 17 14 16 18 20 77 u 26 5% 032 34 36

-10.0

-20.0

Constraint g5 - Installation condition

-30.0
—Active constraint ~-5FEA -©-MLSM  —-CF-MLSM  —+Post-MLSM

1% 5 MLSM/CF-MLSM/Post-MLSM = &3}t +=Z#Z1t(g,)

Iteration

-20.0

-25.0

Constraint g, - OLFC condition

—Active constraint -B-FEA ——KBSAO

12l 6 RBSAO/KBSAO &3t £=HZAD(g,)

——RBSAO

Iteration

qoo 80() FI 1200 1400 1600 1800 2000 2200 2400

-20.0

Constraint g5 - Installation condition

-30.0
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