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Design of Oceanography Buoy - Part II: Mooring System
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ABSTRACT: The purpose of the present study was to evaluate the safety under extreme environmental conditions and the dynamic safety under
service environment conditions, of oceanographic buoy mooring systems consisting of a variety of materials, including chain, wire rope, nylon rope,
and polypropylene rope. For the static safety assessment of a mooring system, after the calculation of external forces and the division of a mooring
system into finite elements, the numerical integral was conducted to vyield the elemental static tension until satisfying the geometrical convergence
condition. To evaluate the dynamic safety, various processes were considered, including data collection about the anticipated areas for mooring, a
determination of the parameters for the interpretation, the interpretation of the dynamic characteristics based on an analytic equation that takes into
account the heave motion effect of a buoy hull and a mooring system, and a fatigue analysis of the linear cumulative damage. Based on the analysis
results, a supplementary proposal for a wire rope that has a fracture in an actual mooring area was established.
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Fig. 1 NDBC standard mooring systems (NDBC, 1989)
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Fig. 2 Drawing of the mooring system
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Table 1 Material parameters (DNV, 2004)

Six strand  Spiral strand  Studless

wire rope wire rope chain
Gamma function 2.00 298 133
m 4.00 4.80 3.00

ap 3.40E13 1.7E17 6.0E10
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Table 2 Diameter and immerse weight of mooring system
components

Diameter (m) Immerse weight (kg/m)

10m Chain 0.025 -12.250
30m Chain 0.019 -6.870
800m Wire rope 0.012 -0.360
400m Nylon rope 0.025 -0.050
600m P.P rope 0.034 0.016
50m Chain 0.013 -3.070
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Table 3 Design environmental condition

Current speed Wave height Wave period Wind speed

2.06 m/s 20 m 8s 75 m/s

\

Element Area Calculation
Ay =Sy - Diametery,

Current Profile Calculation

U=r)

Element Drag force Calculation

D_,,.=§-c;31),,.-.4-1v_,,.2

D, =£-cp,- 407

Cable force Calculation
N =Dy +Pycosby

Oy = Oy, +AB

g .

g AT = Dy + Py sin 6y
° ¥

s Cable Equation
g AO=-N/T,

s

g

k]

Ty =Ty, +AT

¥

Element Elongation & Orientation

ALy =Ty /Eydy
Ly—L+AL
Xy =Ly -cos@
Yy =Ly-sin@

Sortace Mooring G NO (Z, =T, +0.1)

Vs —1518< 0.5

C Result D)

Fig. 4 Static analysis procedure
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Fig. 5 Geometrical shape of mooring system
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Fig. 6 Tension distribution of mooring system

Table 4 Tension of mooring system components

Max. tension (kN) Min. tension (kN)

10m Chain 64.50 63.87
30m Chain 63.83 62.67
800m Wire rope 62.66 60.78
400m Nylon rope 60.78 60.46
600m P.P rope 60.46 60.13
50m Chain 60.11 59.29

Fx). A sFee TR B S 1.7(DNV, 2004)
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Table 5 Static safety assessment

Table 7 Parameters for calculating tension spectrum

Design Design Safety

demand (kN) capacity (kN) assessment

Wire rope 106.53 98.89 Unsafety
Nylon rope 103.32 166.77 Safety
P.P rope 102.78 192.28 Safety

Table 6 Parameters in different sea-state of mooring areas

Wind  Significant Peak
Sea-state  speed wave height frequency Probability

(ms”) (m) (Hz)

1 0-35 0.730 0.285 0.234

2 3555 1410 0.259 0.223

3 5585 1.850 0.251 0.265

4 85-11 2780 0.241 0.147

5 11-14 3470 0.211 0.092

6 1417 4560 0.194 0.028

7 17-20 5.630 0.180 0.007

8 20-24 6.750 0172 0.002

9 >4 7.320 0.116 0.001
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Mass + added mass, Ms

Damping constant, Bx

Mass per unit length, 1,

Young’s modulus, E,

Cross-sectional area, Ay

Length, L,

Damping per unit length, b,

Mass per unit length, ms

Young’s modulus, Es
Cross-sectional area, As

Length, Ls

Damping per unit length, bs

8256 kg

6676 Ns'm™
044 kgm™
1.0 x 10" Nm?
11x10* m’
800 m

01 N&’m”
036 kgm™
48x10° Nm™
72x10" m™
1000 m

02 Ns'm™

Table 8 Tension standard deviation and mean frequency in

different sea-state

Tension standard

Mean frequency

Sea-state o

deviation (N) (Hz)
1 689 0.449
2 1330 0414
3 1750 0.402
4 2630 0.388
5 3280 0.343
6 4310 0.318
7 5310 0.296
8 6360 0.281
9 6840 0.185

Table 9 Expected damage in different sea-state

Sea-state

Expected damage

Expected damage

(Chain) (Wire rope)
1 1.70E-16 2.68E-35
2 1.08E-15 3.27E-34
3 2.83E-15 1.13E-33
4 5.14E-15 3.09E-33
5 5.52E-15 4.14E-33
6 3.53E-15 3.48E-33
7 1.54E-15 1.87E-33
8 7.16E-16 1.04E-33
9 2.93E-16 4.59E-34

Table 10 Fatigue safety assessment

2D Safety assessment
Upper chain 1.04E-13 Safety
Wire rope 1.34E-34 Safety
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