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Study on Optimum Design of FPSO Spread Mooring System
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ABSTRACT: For a spread-moored FPSO (Floating Production, Storage, & Off-loading) subjected to environmental excitation from waves, current,
and wind, a procedure to determine optimum length and stiffness of mooring lines is suggested using quasi-static frequency domain response
analyses. Coupled relations between design parameters are closely examined. In consideration of this, optimized design parameters are proposed based
on minimum weight condition. The initial design parameters for numerical analyses are calculated using the static catenary equation of mooring
lines. It is demonstrated the line tension and vessel’s offset are influenced by the mooring line length and stiffniess. Accordingly it is suggested the
optimum vessel’s offset range should be determined considering line fatigue damage. The availability and limitation of the application of quasi-static
analysis method for spread mooring system are explained by comparing the result of time domain analysis with one of frequency domain analysis.
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Fig. 1 Free body diagram of mooring component
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Fig. 2 Configuration of mooring line
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Table 1 Principal particulars of FPSO

AA AT 63

Table 2 Environmental condition 1

Parameters Remark Hs [m] Tp [s] Direction [degree]
Loa 3250 [m] Main swell 4.35 12.0 195.0
Breadth 61.0 [m] 2nd swell 1.56 126 195.0
Depth 320 [m] Wind wave 1.56 12.6 195.0
Draft 245  [m] Wind 8.1 [m/s] 2475
LCG 170.7  [m] Current 0.52 [m/s] 2475
V.CG 191  [m]
GM 58  [m] Table 3 Environmental condition 2
Design life 20  [years] Hs [m] Tp [s] Direction [degree]
Main swell 19 13.3 247.5
NORTH 1 0° 2nd swell 1.56 12.6 247.5
] Wind wave 1.56 12.6 247.5
Wind 225 [m/s] 270.0
Current 0.52 [m/s] 270.0
Loading
Case 2 TR
y 2
270° 3.2 & Y ALz

Loading
Case 1l

180°

Fig. 3 General arrangement for spread mooring system
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Table 4 Initial values of line length and line diameter

Bottom Middle Top
Component  R3 studless S};?;};Zd‘f’ggal R3 studless
Length 200 [m] 1291.2 [m] 100 [m]
Diameter 117 [mm] 102 [mm] 117 [mm]
Unit weight 300 [kg/m] 553 [kg/m] 300 [kg/m]
MB.L 10775 [MI] 1147.3 [MI] 1077.5 [MT]
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Table 5 Design variables of mooring line length

Total length [m] Mid-wire length [m]

L1 1570.2 12702
2 15732 12732
L3 1576.2 12762
14 1579.2 1279.2
L5 15822 1282.2
L6 1585.2 1285.2
L7 1588.2 12882
18" 1591.2 12912
L9 1594.2 1294.2
L10 1597.2 1297.2
L11 1600.2 1300.2

1) Initial condition

Table 6 Design variables of wire diameter

Diameter [m] Unit weight [kg/m] M.B.L [MT]
D1 90.0 429 891.9
D2 92.5 453 9441
D3 95.5 481 1004.1
D4 98.0 51.0 1064.7
D5" 102.0 55.3 11473
De6 105.5 584 1216.6
D7 108.0 61.3 1280.3
D8 111.5 65.0 1360.3
1) Initial condition
Table 7 Design criteria
Design criteria Remark
Offset range 24~30 [m]
Tension 3.0 S.F based on M.B.L
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Fig. 4 The relationship of line length with tension and offset

—~ 30 330
é /. 2
- e [}
5 29 320 5
3 \o\ /' S
O 28 \\ ><//' 310 5
27 ‘/ \ 300
26 \\ 290
; ././ ~e
25 280
24 270
23 e e Offset (m) ; 260
B Tension (V1) _—Line length = 1562.2m
90 95 100 105 110 115

Line Diameter (mm)
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Table 8 Optimum design value

Load case No. 37
Line length 1582.2 [m]
Line diameter 102.0 [mm]
Tension 3152 [MT]
Offset range 242 [m]
Weight per line 158.2 [ton]
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Fig. 6 The relationship between offset and tension
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Fig. 7 The relationship between fatigue damage and offset

Table 9 Comparison of max. tension according to analysis

methods

Frequency domain Time domain
MB.L 1147.3 [MT] 1147.3 [MT]
Mean tension 315.2 [T] 3144 [T]
Max. tension N/A 4328 [T]
Min. tension N/A 260.0 [T]
Required SF 3.00 2.20
Actual S.F 3.64 2.65
S.F Ratio 1.21 1.20
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Fig. 8 Mooring design flow chart
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