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Abstract — In this study, numerical analyses were performed to investigate the effects of asymmetric marine growth on
the motion response and mooring tension characteristics of a Spar-type floating structure. Marine growth was
assumed to occur on only one of three catenary mooring lines, representing non-uniform attachment conditions
commonly observed in offshore environments. Variations in mooring line mass density, transverse drag and added
mass coefficients, and tangential drag and added mass coefficients associated with different marine growth thick-
nesses were calculated using the formulations specified in DNVGL guideline. The numerical results show that
asymmetric marine growth induces changes in the mean values of surge and heave motions, while its influence on
the standard deviations of these motions remains limited. In contrast, both the mean and standard deviation of the
mooring tension are sensitive to increasing marine growth thickness under asymmetric conditions. These results
indicate that non-uniform marine growth can significantly affect mooring system responses, even when its impact
on global platform motions is relatively small. The findings of this study provide fundamental insights into the
importance of considering asymmetric marine growth in the design and analysis of Spar-type floating structures.
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Fig. 1. OC3-Hywind spar platform.
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Table 1. Representative principal dimensions of the OC3-Hywind spar platform (Jonkman[2010])

Parameter Unit Value
Depth to Platform Base Below SWL m 120
Elevation to Platform Top Above SWL m 10
Depth to Top of Taper Below SWL m 4
Depth to Bottom of Taper Below SWL m 12
Platform Diameter Above Taper m 6.5
Platform Diameter Below Taper m 94
Platform Mass, Including Ballast kg 7,466,330
CM Location Below SWL Along Platform Centerline m 89.9155
Platform Roll Inertia about CM kg-m? 4,229,230,000
Platform Pitch Inertia about CM kg-m? 4,229.230,000
Platform Yaw Inertia about Platform Centerline kg-m? 164,230,000
Table 2. Environmental cfditions _ o, = &)3= 2% (density of seawater)
_ ___Waike Do Wave D,,, = A Et= s}o]o] 2] ¥JH7 (nominal chain or wire
Si gmﬁca:}t wave height (m) 6 rope diameter)
Wave period range (s) 6-31
Heading angle (°) 180 p=AFA4(AR : 2.0, 2le]o]: 1.0) (mooring line constant
Irregular Wave (JONSWAP Spectrum, y = 3.3) (chain : 2.0, wire : 1.0))
Significant wave height (m) 9.14 AT, = AEF A E 7 (marine growth surface thickness)
Peak period (s) 13.6 My = SN2 A (mass of marine growth)
Heading angle () 180 W g = N2 BE 57| (weight of marine growth)
2.2 Ti=EA DNVGL AAA3 20180 = s F-2E<] 25s 4 3

£ ATl Aadel 2% sidR-aA4E 7 A3l gE
Spar Y FS] 5 $H 2 AFEE 5SS 4] Al 9y
753K White Noise Wave)o} £-712] 3H(Irregular Wave)S 11213}
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Pseauater 1 2
W oot = M, — kg/m
growth growth Biouth 1000 ( g ) (2}

A7V Do = MEF-2EE L (density of marine growth),

3 22l m) 1100~1325 kg/m® HAAZ AABEL Sk 2 &
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old Z : 1.2) (drag coefficient(stud chain : 2.6, studless chain :
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Table 3. Initial values for the mooring lines of the OC3-Hywind spar
platform

Diameter (m) 0.09
Mass density (kg/m) 77.7066
Transverse drag coefficient 1.6
Transverse added mass coefficient 1.0
Tangential drag coefficient 0.1
Tangential added mass coefficient 0.0

A 100 mm7HA] AT vlEE 71 F P A0 2 fAlEthe
7¥& TR, B dTME B4 HIEE $isle] sjnat
AE 77 150 mmE F7H S E AESIIT. T8 31 3¢5
EL RE AFA L5 FAZ 2AER g 7o A
FAdd s Be) vt o2 WAdhe TEdle 24 R4
Q F7ke sl

Fig. 2= OC3-Hywind Spar 23 &9] AlF Al2H 74 et
i, B Ao AR voiE S48 2 A A0
3 9% A% 2 AFRSEHE 2457 S5k A4-1 AFA

OC3-Hywind
§ ar platform

7
o
J)lr;
J‘/r
/8ide-2 mooring line, T3

Front-1 mooring line, T1
Wave

Fig. 2. Configuration of the mooring system of the OC3-Hywind spar platform (Jonkman [2010]).

Table 4. The initial motions and pre-tensions of the OC3-Hywind spar platform

Original MG=50mmat MG=50mm at m=111m_11 at M:3=11]hm at m=15lh1_n at m=15l]nm at
Front 1-line Side 1-line Front 1-line Side 1-line Front 1-line Side 1-line

Surge offset (m) 0.00 3.46 -1.87 10.43 -5.34 18.07 -9.13
Sway offset (m) 0.00 0.00 3.08 0.00 9.13 0.00 15.70
Heave offset, draft (m) 0.00 -0.33 -0.33 -1.11 -1.11 =221 221
Roll offset (deg.) 0.00 0.00 -0.02 0.00 -0.05 0.00 -0.10
Pitch offset (deg.) 0.00 -0.05 -0.07 -0.01 -0.09 0.05 -0.12
Yaw offset (deg.) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-tension, T1 (kN) 910 1,004 958 1,220 1,060 1,531 1,192
Pre-tension, T2 (kN) 910 958 1,004 1,060 1,220 1,192 1,531
Pre-tension, T3 (kN) 910 958 958 1,060 1,060 1,192 1,192
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Fig. 3. Motion RAOs for the original model.
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Fig. 4. Motion RAOs according to the marine growth thickness on front and side one mooring line.
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Fig. 5. Transfer functions of the mooring line tensions according to the marine growth thickness on front and side one mooring line.
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Fig. 6. Time histories for the platform motions according to the marine growth thickness on front 1-mooring line.
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Fig. 7. Time histories for the mooring line tensions according to the marine growth thickness on front 1-mooring line.
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Fig. 8. Time histories for the platform motions accoring to the marine growth thickness on side 1-mooring line.
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Fig. 11. Mean values and standard deviations for the platform motions according to the marine growth thickness.
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