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Abstract

Floating, production, storage and offloading (FPSO) is a production facility that refines and saves the drilled crude oil from a drilling
facility in the ocean, The flare system in the FPSO is a major part of the pressure relieving system for hydrocarbon processing plants,
The flare system consists of a number of pipes and complicated connection systems, Decision of pipe support types is important since
the load on the support and the stress in the pipe are influenced by the pipe support type, In this study, we optimally determined the
pipe support types that minimized the support cost while satisfying the design constraints on maximum support load, maximum nozzle

load and maximum pipe stress ratio, Performance indices included in the design constraints for a specified design were evaluated by

pipe structural analysis using CAESAR I,

Since pipe support types were all discrete design variables, an evolutionary algorithm (EA)

was used as an optimizer, We successfully obtained the optimal solution that reduced the support cost by 27.2% compared to the initial

support cost while all the design requirements were satisfied,
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Fig. 1 Piping of a

flare system in FPSO
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(a) Z type (b) Guide type (c) Z+Guide type

Fig. 2 Support types

Table 1 Individual loads

Abbre
viation -oad
WWwW Water Filled Weight
HP Hydrostatic Pressure
H Spring Hanger forces
Weight with contents
P1 Design Pressuret
P2 Design Pressure?
T Operation Temperaturel
T2 Operation Temperature?
T3 Operation Temperature3
T4 Operation Temperatured
T5 Operation Temperatureb
Ut Acceleration in extreme condition in X direction
U2 Acceleration in extreme condition in Y direction
U3 Acceleration in extreme condition in Z direction
WIN1 Wind in extreme condition in X direction
WIN2 Wind in extreme condition in Y direction
D1 [Module Deflection due to hull acceleration in X direction
D2 |Module Deflection due to hull acceleration in Y direction
D3 |Rack Deflection due to hull acceleration in X direction
D4 |Rack Deflection due to hull acceleration in Y direction
D5 Displacements due to hull upward deflection
D6 Displacements due to hull downward deflection
F1 Discharge of PSV
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Table 2 Loading conditions K| SIEARAS Table 30f LIZot HiQF 20| MEE 559 4%
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L1 WW + HP + H HYD 0= L1, L10, L21, 128, 1302 X3t 1 21} 5IEAA
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L13 WIN2 sus
L14 = occ 31 MAQTALE
L15 D1 EXP
L16 D2 EXP
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18 D4 o~ 1) B2 XXl Al2Els MZE HIES Z|ASI6I0{0f Sitt,
L19 D5 EXP 2) St L3701| ofet MEE o% 5183+ =ot Xjojof Sttt
L20 D6 EXP 3) stEx71 L360| ofst =& K52 6183t 2t Zlojof Sttt
L2 L9 + L10 + L1 sus 4) =X L1zt L10, L21, 128, L300]| ©fst Hit L= 5
L22 L2 - L7 EXP 2zt 8} ®lojot it
L23 L3 - L7 EXP
Lo L4 - L8 EXP Table 3 Analysis results of an initial design
L25 L5 + L16 EXP —
aximum
L26 L17 + 18 EXP Loadcase Response Initial
L27 125, 126 EXP : allowable
L28 L19 + L20 + L22 + L23 + 2127 EXP L7 Support 182 n 3?7738 1??88
N
L29 L12, L13, L14 occ
130 7+ 121 + 129 occ o 241n o152 19800
3 L2, L3, L4, L5, L6 OPE P 520 8500
L3 L TR Fy 861 11900
L32 L20 + L21 + L27 + L3t OPE . Nozzle = 033 1900
L33 L20 + L21 — L27 + L3t OPE oad Mo 1455 5237
L34 L20 — L21 + L27 + L3t OPE My 3286 1795
L35 L20 — L21 — L27 + L31 OPE Mz 1548 7198
L36 132, 133, L34, L35 OPE X o - 1 100
L37 L26 + L29 OPE L10 pe Sftress - 77 100
138 | 0.73L19 + L20 + 221 + L24 + 2L.27 FAT L21 ratio - 77 100
139 | 0.47L19 +0.81L20 + 015121 +L24 +0.15L27 | FAT L28 ( x100|| - 124 100
L40 0.73L19 + .20 +2L21 + .24 + 2127 FAT L30 Taliow - 75 100
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Fig. 3 Optimization results

Table 5 Comparison of initial and optimal design variable

values
No, Initial Optimal No, Initial Optimal
X1 1 —1 Xi9 1 —1
X2 —1 —1 X20 —1 —1
X3 —1 —1 X21 —1 —1
X4 1 —1 Xo2 1 —1
X5 1 —1 X23 —1 1
X6 —1 —1 Xo4 —1 —1
X7 1 —1 Xo5 —1 —1
X8 —1 —1 X26 1 —1
X9 —1 —1 Xo7 —1 —1
X10 1 —1 Xog 1 —1
X11 —1 —1 X29 —1 —1
X12 —1 —1 X30 —1 —1
X13 1 -1 Xat 1 —1
Xi4 1 —1 X32 —1 1
Xi5 —1 —1 X33 1 —1
X16 -1 -1 X34 1 -1
X7 1 —1 X35 1 —1
Xig —1 -1 :
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