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A Study on Offshore Longline Type Aquaculture Facilites, Part 1 :
3-D Nonlinear Static Analyisis of Cable-Buoy-Weight Mooring System
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Abstract

Longline type aquaculture facilities are being used for scallop culture in 30 m of water
2.5 km off the coast of Joomoonjin, Kangwon-Do. In this paper, the facilities are modeled
by the cable-buoy-weight system, subject to the nonlinear behaviors of the mooring lines
and the effects of current. Its static configuration is shown as a solution of 3-D nonlinear
static equation and the Runge-Kutta 4" method is employed.
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Fig. 3 Static forces at an attachment point
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TOTAL CABLE LENGTH = 2800000 M
MASS PER UNIT LENGTH = 1167000 KG/M
ADDED MASS PER UNIT LENGTH = 0.725000 KG/M

WEIGHT PER UNIT LENGTH = 4336500 N'M
DIAMETER = 30000E-01 M
EA = 4B490E+07 N
BREAKING TENSION = 11270E+06 N
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Fig. 4 Cable-Buoy-Weight system

Table 1 Characteristics of buoys and weights. #2] Table 1o|A Fekg2] B¥3e] &2 Fal A
Buoy | BUOY BUOY |WEIGHT & ZES] gl zguisko] &9 wiskelg vl
(1, 5 (234 | (234 o
VISCOUS 05 05 12 s
DRAG COEFF. : : : HF7 e A} dFEEs 05 m/sst 1.0
MASS 0.1E-05kg | 0.1E-05kg | 70.0 kg m/se o, Ao]im Holu} FekE o] A
ADDED MASS| 57.962kg | 29.667kg | 72.453kg aele abmlwel closl 2
DIAMETER | 06m | 048m | 03m $HE dsed ket 2
| BUOYANCY | 11361N | 581.66N | -490.0N

Table 2 Depth and static tensile force at the attachment points and anchor points

O CURRENT CU212¥5R%NT VEL(I)CIT\;? (()).5(3) s cgfzz;a%m VELQICIT;(?(;.% ws ]
BUOYS  |BUOY 1| BUOY 5|BUOY 1|BUOY 5|BUOY 1|BUOY 5|BUOY 1|BUOY 5|BUOY 1|BUOY 5
e 13025 m| 305 m | BOIm|2926m 52 m| B2 m 179m 198 m 110m | 1110 m
(ERSIONT o034 N | 2222 N | 2170 N | 2301 N | 2439 N | 2600 N | 3670 N | 3375 N | 5609 N | 5692 N
(ENSIONT ] om0 N | 2034 N[ 2370 N | 2145 N | 2600 N | 289 N | 3498 N | 3435 N | 5692 N | 5609 N
ANGLE 61°| 244° 21°) 26°| 51° 07°| 155°| 50°| 22° 93°
ANGLE 244°| -61°|-188°| 50°| -207° | -51°| -25°|-142°| -93°| -22°
O OM T. 2010 N 20778 N U916 N U979 N 56657 N
IéI(E)FI‘TTOM T 2010 N 21851 N 2916 N 3321 N i 56657 N
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Fig. 5 Static configuration of cable-buoy system (3-D) : current velocity 0.5 m/s, current incident angle

225" with respect to X-axis without buoy-weights 2, 3 and 4 in Fig. 4
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Fig. 6 Static configuration of cable-buoy system (3-D) :

current velocity 0.5 m/s, current incident angle

270° with respect to X-axis without buoy-weights 2, 3 and 4 in Fig. 4
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Fig. 7 Static configuration of cable-buoy system (3-D) :

current velocity 1.0 m/s, current incident angle

225° with respect to X-axis without buoy-weights 2, 3 and 4 in Fig. 4
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Table 3 Depth and static tensile force at the attachment points and anchor points
1
NO CURRENT CURRENT VELOCITY O.aom/s CURREM VELOCITY l.Oom/s !
| s R 225 ED |
BUOYS  |BUOY 1|BUOY 5| BUOY 1 |BUOY 5|BUOY 1|BUOY 5| BUOY 1 |BUOY 5|BUOY 1|BUOY 5.
ggg{% OF 13005 m|3025m| 2701 m [ 2905 m | 255 m | 2525 m| 1719 m | 1914 m | 1104 m | 1104 m
(ENSION' o410 3 | 2630 N | 2619 N | 2692 N | 2008 N | 3005 N | 4381 N | 3074 N | 6777 N | 6872 N
(T§N)SION 2630 N | 2410 N | 2847 N | 2504 N | 3095 N | 2008 N | 4567 N | 382 N | 6572 N | 6777 N
f“fﬁLE 19°] 2379 10°| 22° 16°] 20° -03°| 140°| 07°| 88°
|
ONOLE 7o) 190 | 60 | 270! 200 | -16°| -144° | -26°| 88° | 07°
RIGHT § ‘
BOTTOM T.| 2989 N 22778 N 2916 N 612 N 68457 N
LEFT ‘ ;
BOTTOM T 2489 N 2151 N 2916 N 38419 N 63457 N
Table 3¢ll4] A2Fgl H-¥-(main rope?l o]}
Jav curent FE A SN AR B Ro|HEA o 7t
| £% ofefel vhehuict.
e
] R g 32
s S Tension |Tension | Angle | Angle
of buo (+) () (+) (-)
o Buoy 1 | 2410 N | 2630 N | 19° |-237°
: : Buoy 2 | 2409 N | 2409 N| 15° | -07°
" Buoy 3 2409 N | 2409 N| 11° | -11°
S Buoy 4 | 2409 N | 2409 N | 07° | -15°
. Buoy 5 | 2630 N | 2410 N | 237° | -19° |
sa/v\ 3”%7|_ 05 m/s OEI L[_H (2255 21¥E)
5 S Tension |Tension | Angle | Angle
Asoiu 47 27226 96 58026 147 6309 196 0148 246 727 Of buo (+) (_) (+) (_)
Buoy 1 | 2619 N | 2847 N | 10° |-226°
Fig. 8 Static configuration of cable-buoy system Buoy 2 | 2581 N | 2611 N | 06 ° -14 °
D) locity 1. , t
GD) : current velocity 10 mvs, curren Buoy 3 | 2543 N | 2574 N | 02° | -18°
incident angle 270° with respect to X-axis
without buoy-weights 2, 3 and 4 in Fig. 4 Buoy 4 | 2508 N | 2538 N | -0.2° | -23
Buoy 5 | 2692 N | 2504 N | 222° | -27°
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S Tension |Tension | Angle Angle
of bug (+) (-) (+) (-)
Buoy 1 | 2008 N | 3095 N | 16° {-200°
Buoy 2 | 2004 N | 2007 N | 12° -06 °
Buoy 3 | 2004 N | 2904 N| 09° -09 ¢
Buoy 4 | 2007 N | 2004 N | 06 ° -12°

| Buoy 5 | 3095 N | 2008 N | 200° | -16°
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Fig. 9 Static configuration of cable-buoy- weight
system (3-D)
current incident angle 225° with respect to

! current velocity 0.5 m/s,

X-axis, three buoy-weights
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Fig. 10 Static configuration of cable-buoy-weight
system (3-D) : current velocity 0.5 m/s,
current incident angle 270° with respect to
X-axis, three buoy-weights
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Fig. 11 Static configuration of cable-buoy-weight
system (3-D) : current velocity 1.0 m/s,
current incident angle 225° with respect to
X-axis, three buoy-weights
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Fig. 12 Static configuration of cable-buoy-
weight system (3-D) : current velocity
1.0 m/s, current incident angle 270°
with respect to X-axis, three buoy-
weights
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