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Abstract

A multi-leg spread mooring system for floating offshore structures is important, but the
multi-leg static analysis is complicated due to the nonlinear behavior of each line and the
effect of current which affects each line differently. The pretensioned position of the
multi-leg mooring system obtained from the static equilibrium condition changes into a
different position due to external loads and current. In this paper, the new position and the
static tension at each line are caculated. The relation between the initial static equilibrium
position and the new position due to the external loads is expressed in terms of a Taylor’s
series expansion. The Runge-Kutta 4™ method is employed in analyzing the 3-dimensional

static cable nonlinear equations.
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Fig. 2 Vertical plane view of a mooring line
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Fig. 4 Forces acting on a unit element of cable
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Fig. 8 New configuration of the structure and its

mooring system due to external loads

Table 1 Characteristics of the identical line

CABLE 1, 2, 3, 4

9 4

Table 2 Top and anchor position of each cable line

CABLE | CABLE | CABLE | CABLE

LINE 1| LINE 2| LINE 3| LINE 4
X COORD.

BOm|-B0m|-B0m| BOm
TOP
Y COORD.

00m{ 500m|-500m|-500m
TOP
ANGLE®) | 300° {1500 ° {2100 ° |3300°
X COORD.

872.m|-872. m|-872. m| 872 m
ANCHOR
Y COORD.

510. m| 510. m| -510. m| -510. m
ANCHOR
EXCURSION | 9205 m | 9205 m | 9205 m { 9205 m

Folzl 98, F2E AZE 9% 4 74 AR
A2] A& Table 33 4o yehigiet.

Table 3 Initial total force, given external total

BREAKING TENSION 0.1500E+08 N

WATERDEPTH 426.7 m
CURRENT VELOCITY 1.0 m/s
TANGENTIAL DRAG 0.05
COEFFICIENT )

NORMAL DRAG 12
COEFFICIENT '

BINORMAL DRAG 12
COEFFICIENT '

7t AFAle] A9 X9} ge] 912 Table 29

CABLE LENGTH 1036.0 m ‘ =
force and total motion(new position)

MASS 87 ke/m INITIAL | GIVEN | TOTAL

ADDED MASS 6.3 kg/m FORCE | FORCE | MOTION

WEIGHT 417.98 N/m X DIRECTION | 01 N |10E+06 N | 6107 m

DIAMETER 0.8890E-01 m Y DIRECTION | 01 N |LOE+06 N | 3652 m

EA 0.1300E+10 N ANGLE -300 NM |1.0E+06NM | -0.38 ©

DIRECTION

Table 4 Excursion and total forces of each line
at the new position

CABLE | CABLE | CABLE | CABLE
LINE 1| LINE 2| LINE 3| LINE 4

TOTAL
FORCE 5.8E+5N |5.1E+EN [9.0E+5N |2.1E+6N
AT THE TOP

ANGLE(®) 218° |1518° [2121° |3282°

EXCURSION (914 m {89 . m |94 m |94 m
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Table 5 Characteristics of the identical line

CABLE 23 | CABLE 14
CABLE LENGTH 103600 m {113600 m
MASS 487 kg/m | 487 kg/m
ADDED MASS 63 kg/m|63 keg/m
WEIGHT 417980 N/m | 417980 N/m
DIAMETER 0.8890E-01m | 0.8890E-01m
EA 0.1300E+10N | 0.1300E+10N
BREAKING TENSION | 0.1500E+08N | 0.1500E+08N
WATERDEPTH 426.7 m | 436.7 m
CURRENT VELOCITY| 10 m/s| 10 m/s
TANGENTIAL

0.05 0.06
DRAG COEFFICIENT
NORMAL DRAG

12 12
COEFFICIENT
BINORMAL DRAG L2 19
COEFFICIENT ’ ’

)

z}
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7 AFAS AsIA 9 29§15 Table 63}

Table 6 Top and anchor position of each cable line

CABLE
LINE 1

CABLE
LINE 2

CABLE
LINE 3

CABLE
LINE 4

X COORD.

TOP 750 m

-750 m

-0 m

B0 m

Y COORD.

TOP 50.0 m

500 m

-50.0 m

~50.0 m

ANGLE(®)

300 © 1500 °©

2100 °

3300 °

X COORD.
ANCHOR

9%4. m |-872. m

-872. m

9%4. m

Y COORD.

ANCHOR | 2% ™

510. m

-510. m

-563. m

EXCURSION{1025.9m

9205 m

9205 m

10259m
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Table 7 Initial total force, given external total
force and total motion{new position)

INITIAL| GIVEN | TOTAL
FORCE | FORCE | MOTION
X DIRECTION |18E+(6N | 10E+06 N | 3665 m
Y DIRECTION |-001 N |L0E+06 N | 3623 m
ANGLE o
-128 NM| LOE+06NM| -0.33
DIRECTION

Table 8 Excursion and total forces of each line
at the new position

CABLE
LINE 1

CABLE
LINE 2

CABLE
LINE 3

CABLE
LINE 4

TOTAL
FORCE
AT THE TOP

ANGLE(®)

6.5E+5N | 5.2E+5N | 9.7E+6N | 2.1E+6N

281° 11518 ° [2120° |3284°

EXCURSION | 1020 mj 903. m| 936. m | 1050 m
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