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A Study on Creep Effect of Synthetic Fiber Rope Mooring System on

Motion Response of Vessel and Tension of Mooring Line
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Growing demand and rapid development of the synthetic fiber rope in mooring system have taken place since it has been used
in deep water platform lately, Unlike a chain mooring, synthetic fiber rope composed of lightweight materials such as
Polyester(polyethylene terephthalate), HMPE(high modulus polyethylene) and Aramid(aromatic polyamide). Non—linear stiffness
and another failure mode are distinct characteristics of synthetic fiber rope when compared to mooring chain, When these ropes
are exposed to environmental load for a long time, the length of rope will be increased permanently. This is called 'the creep
phenomenon’, Due to the phenomenon, The initial characteristics of mooring systems would be changed because the length and
stiffness of the rope have been changed as time goes on, The changed characteristics of fiber rope cause different mooring
tension and vessel offset compared to the initial design condition, Commercial mooring analysis software that widely used in
industries is unable to take into account this phenomenon automatically. Even though the American Petroleum Institute (API) or
other classification rules present some standard or criteria with respect to length and stiffness of a mooring line, simulation guide
considers the mechanical properties that is not mentioned in such rules, In this paper, the effect of creep phenomenon in the
fiber rope mooring system under specific environment condition is investigated, Desiged mooring system for a Mobile Offshore
Drilling Unit(MODU) with HMPE rope which has the highest creep is analyzed in a time domain in order to investigate the effects
creep phenomenon to vessel offset and mooring tension, We have developed a new procedure to an analysis of mooring system
reflecting the creep phenomenon and it is validated through a time domain simulation using non—linear mooring analysis
software, OrcaFlex, The result shows that the creep phenomenon should be considered in analysis procedure because it affects
the length and stiffness of synthetic fiber rope in case of high water temperature and permanent mooring system,

Keywords : Creep phenomenon(Z2|Z SA) Polyester(Z2|0|AHIZ AR) HMPE(D A= Z2|0Ed ML) Wave scatter diagram
2N 2E) Curve fitting(2M 3E)
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Fig. 2 HMPE rope SK78 creep curve at 30°C and
45% MBS load of rope (Vlasblom & Bosman,
2006)
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types (Vlasblom, et al., 2012)
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met met
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Fig. 3 Creep rate model test (ABS, 2011)
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Table 2 Main particulars of MARIN-FPSO
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Description Magnitude
Length between perpendicular 285m Table 3 Wave scatter diagram of Campos Basin
Breadth 61m Tp [s]
Draft 13m [?f] 4| 6| 8| 10| 12] 14| 6] 18| sum
Mass 225518ton 6 8| 10] 12| 14| 6] 18] 2
Longitudinal center of gravity 142.26m
0~1 8 | 64| 212| 78| 49 | 3 514
Vertical center of gravity 16.71m
- — - 1~2 | 333 826 | 109 | 34 7538
Mass radius of gyration in X—axis(Kxx) 19.49m
) . . 2~3 40 | 1330| 790 | 1406 1483| 174 | 50 | 2 | 5275
Mass radius of gyration in Y—axis(Kyy) 78.42m
Mass radius of gyration in Z-axis(Kzz) 71.25m 4 20| 105 124 ) A1) 118 22 1070
45 9 17| 20| 69| 4| 7 174
3.2 2z M A1} 56 2| 5| 18| 10 35
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siE X|oll= 150deg Wake| It X[HjMeZ Exstyl U 8 .
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Table 4 Environments data

Description Condition
Wave gamma 1.7
JONSWAP
spectrum direction 150°
. 1 year mean
Wind speed at 10 m 5.5 m/s
API spectrum
direction 150°
current speed at 0.35 m/s
Current surface
direction 210°
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Table 5 Design conditions (Park, 2015)

Description Condition
Hs 7.8m
Wave Tp 15.4s
JONSWAP
spectrum gamma 1.7
direction 202.5°
. mean speed at
Wind 10m 28.3m/s
APl spectrum
direction 22.5°
current speed at 1 75m/s
Current surface
direction 225°
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Table 6 Polyester and HMPE section lengths

Water depth HMPE rope Polyester rope
6,000ft (1,829m) 50% 50%
7,500ft (2,286m) 60% 40%
10,000ft (3,048m) 75% 25%

HgMo| M2 Wire-Polyester—HVIPE-Chain@ 2 O|Z0{X
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Fig. 8 Configuration of mooring line
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Table 7 Main properties of mooring system

Table 9 Simulation cases

Condition | Temperature |Cell sequence
Type Diameters MBL Mass per P . g

length Case 1 20°C random 1

Wire , Case 2 MODU 20C random 2
Spiral stand| 0.099m | 6,208 kN |39.1 kg/m (5 years) -

rope Case 3 10°C random 1

Polyester 0.117m 6,174 kN [14.9 kg/m Case 4 E’Se(;nzlir::;\)t 20°C random 1

HMPE |SK78, DM20| 0.08m |6,174 kN| 5.1 kg/m

Chain RKa 0.078m | 6,221 kN [119.5 kg/m =AM ZAHp
studless : ’ 2 K9 6. °H = EJ—l'

5.2 Maz=o| ZAM

2 AFoMeE 5
0| AR2E[QIC Polyesteret HMPE 2Zo| 24 %
S|ARRI Lankhorst2t DyneemadiiA Al&stod HEgsH ZAE AL
SICE Static-dynamic 2 ZE 2FolM M ZAR EiE
é,%*oil/\ﬁ JHE 2 2N 2 7KRIER, S8 242 o] AEolA
o ZME MEsI9JCt 0l= Table 80l M2l5IRACt.

O

Table 8 Stiffness of synthetic fiber ropes

SHfness | o ester EA| SK78 EA | DM20 EA
mode
Static 15+MBS 60<MBS | 40.3*MBS
Dynamic 30«MBS | 105%*MBS | 60*MBS
5.3 5lj4 Aol
F2|= HAo| BERAle| Hsol olxle ¥es dolEr| ¢
o, 32I= sl TR B2 Qe DXz B0l 2, S
AIZE A ZEK] 24 Hslof| ofsh Fekg =AML 25 22}
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