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The effects of creep phenomenon in the mooring
system with synthetic fiber rope

Park, Sung Min

Department of Naval Architecture and Ocean Systems Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

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

Vi
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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 (APD 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 UnittMODU) 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.

KEY WORDS: Creep phenomenon =X ¥7}; Polyester Z@|o|2HZ M
HMPE » A% Zgodd A Wave scatter diagram 35 EZE I
Static-dynamic stiffness model A Z-&2 734 =4, Upper-lower stiffness model

-3t AA 34 2d; Curve fitting =4 9b&,
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Fig. 1.1 Mooring configuration and line type (Z3*]: BRIDON)
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EE AREZZAA 2T ¢ JAT dF2zo S/ wet o I
A=7F @e2kxit}. Polyester 39} agramid 2Z+ Az dido] A sttt
T gos o7 wE A Folx = &thBanfield, S. J., 2006). A%+ HMPE
2= APz @40 7P Bol RSt ARolH AdddTMA opE
At o] FAE At BV HFEAES] AFA = OR AEstara
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2.1 The creep phenomenon
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Fig. 2.1 Typical estimate of creep (£*]: NDE & TTI, 1999)
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Elongation (%)

Time (s)
Fig. 2.2 HMPE rope creep curve (£*}: Vlasblom, M.P. & Bosman,
R.L.M., 2006)

DSM dyneemax | UFZHE A Fol AL&st7] 98] HMPE Zxo] Fg|=
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UERH AT

Collection @ kmou



Table 2.1 Creep model expectations for HMPE fiber types (&3]: Vlasblom,
M.P. Boesten, J. Leite, S. & Davies, P., 2012)

SK78 DM20
Estimated , Estimated ,
Creep failure Creep failure
creep creep

MODU condition

1.7% can be met 0% can be met
(5 years)
Permanent
condition Failure <0.3% can be met
(25 years)

Table 2.1 DSM Dyneemar} 7i%tst SK783 DM20 Z37} Z+7zF MODUZEH
T AEFEA RS AATH Adste 59 25 Y HEet gd A=
(breaking strength)e] 20%°l si@Fstes g S Be w oAsies Iz UdS
et o} Failures =gz Igto] HASIA S-S 9v|sty SK78 =3zt

25 ol AHE w& Ao YEhyal Sith
Yz {4 MAAFE 24 71HE Thol=gle] wet xfolzb AN
Y ddo] BASHA] k= 49 oidl ABS (201DeF API (2007)+= <HAAIS 10
< AASEE Joh F, v AAFHo] 0delgtd Iy = e £ 300
o< 7FHAoF gt
AREIE LT AFANAL AL R G Lotrr] AdAHE
3} o

tgol 7)ol WE AYZ G A A2Y = lojof Ak AW el
e of

u

ol
[o

o HAgH o Z TASHY] Wit oS3V ulg ol SRR B AFoA
+ SK78% DM20 =29 7 250 mE 35 ¥ X &= A4y A8E v
go=z 34 grE(curve fitting)std AHEstith A= A3 Aol tigh 1

<

Z= Fig 233 Zom or]A 7t252 stse Kstal A2 1 sFo] &
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Fig. 2.3 Creep rate model test (Z*: ABS, 2011)
o] AYPZE £ EUTE O & JHgx £5E BT ABS (201DeA
¥ = 2 (DL Fig. 2.39 30C A& curve fitting
st} UERd Zlojth shAtE 2 dAFeld= H§ A ALE &) Ar=2T)

AAHE FAdAAY F& detel ded ¢ =S 10, 20C¢ A& curve

fitting &t} =2]= o) oF= AL I Aakes 4@), Q)3 2
R,=4%10""*T% (at 30°C) (D
R,=2¥10""* T+ (at 10°C) 2
R,=10""*T5% (at 20°C) 3

o] Wl R.&= AYXE £x(/day), T, A=z #8&3t= Het =% of
Minimum Breaking Strength, MBS) &u|gttt. 7+ 374 3t5 stolA HAF=Z
of Zr&st= Y-S Abeta, o] o] ALste AFE ¢H, § AE AR
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2.2 Static-dynamic stiffness model

e
Jo
fru
I3
rlr
ok
o
N
N
e}
o)
=)

2
2
to
k1
i‘—iﬂ
lo

ox
X
o
offt
>
o,
AW
rlr
ety
i
ox

e
B PAE AR EEH. 13161 U S 887 98l o8 7
A AFEEZE Ad 2do] JEE Atk AfEzo H d =
Static-dynamic stiffness model(Francois, M. & Davies, P., 2000)2 A {232
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A2 7 (static stiffness)™ &2 7ZFAd(dynamic stiffness)2 31 o A
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K. ,=a+ L, +~yT+ dog(P) (4)
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o] W K, = MBSZ B3t & 52 A, L o BT 55% of MBS), 1=

m

3F=9] HE(% of MBS), p= 829 F7](second)e]th. sFATF 2 (4H)E A A 3
BHAEE AL AolA A T AF Al 7HA AT 23 Y& 9
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701—/(30 q.
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2.3 Upper-lower stiffness model

Nezze Y 54 mAH

rr

& wdZ= upper-lower stiffness
modelNDE & TTI, 1999)¢] A}&#t}, Static-dynamic stiffness model& 3Z&>~
°] BV(Bureau Veritas) Ag°] A&st= EPo|x7 upper-lower stiffness

model& API(American Petroleum Institute)o| A A& st = do|t}.

o] male HfExe F /A FAHor HARFEEZ AFAZHS global
performanceE 384t W<, upper stiffness®t lower stiffness7} 5 714
ZFAdo st Upper stiffnesss= dynamic stiffness®] 3+ FFZ A design
storm condition &toll A oFEE HF=Zz Hu FAHAAHS 9ustH, storm
stiffnesse} HY3F ou| =S 7} Lower stiffnesst= static stiffnesse] 3

24 sl AFAILEC] AAE A 5o gEHE dr2ze] A& A

N
il

2
o 4

A4S ou|3tH, post-installation stiffnesse} U3 9u| =S 7R} Fig. 24&
Upper-lower stiffness models YER L At

100

. H—. Upper bound for line tension
+—+—+ Lower bound for offset

80

60

40

Tension (%MBS)

20

0 0.5 1 1.5 2 25 3 3.5
Strain {%)

Fig. 2.4 Upper-lower stiffness model

Fig. 240 F 71&717F EA8t=H, o] 77|« ARFE2Y A8Es 9rs

Collection @ kmou



o F Ulerle AREEZI JHAE BE A8 W9 oA Hul 7=
Ha 712715 Jde L Aok o714 Hol 71€71E YeEbl= upper stiffness
= AlFAde #&ste Ad AHS Tyl fal ARk, H4 71erE UE
Y= lower stiffness= &Yd A2 tollA FRAlY Ao LZAS F317]
el AHERH o] RE 2 AA fFZSHE AFelA 7HE el 2ol 2o
o A& AZE9oj(commercial software)2 s43t7] Hesths Ao
StANE o] BEls AREE AlEHE oY A HUl, HA& FHES ARSI =
29 Ao ZE H) exzMolmg v B4ASl(conservative) 2HS x
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2.4 Quasi-static stiffness

+ A ZFd(Quasi-static stiffness)2 27 3stzo] HASIS of 2o
Aste G dol FI7HE Qs AT A S o THABS, 201D,
o]= Fig. 2.50] =43} 33t}

50 — E1 E2
n Creep, a function of load duration
40 — \ F,
7}
o _
=
=
=30 —
2
§ | Quasi-static stiffness
a 20 —
_ F,
10 | | |
0 1 2 3
Strain (%)
Fig. 2.5 Illustration of quasi-static stiffness (ABS, 2011)

woF 4RIl ol At $¢ 4Y LE wow JTHA Aisel 37}
ol gl =y} BAEHA Ha 1o wEk M2 7277 TAyEA "k 2
9} Zo] FHHE o] 7|&7= NES AA Aoz ALSHA H the A
of F&& mAA Aot

K. =(F—F)/(E,~E +Q) ®)

A71M K, = MBSZ Fadstat A4 A4, K2 AFAed #&shs 27
(% of MBS), F,= &7 a5l o3 4% of MBS), B2 %7] & 9
g AAE%), B B4 5ol o AAdEW), Ce A=Y Fe& dehie
Ao, t= 34 stso] A= A3Hday)e ov g
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2.5 Analysis procedure

B AFoMes HARE=o AAHS Fdsr] ¢8| Static-dynamic stiffness
model®} upper-lower stiffness modelS =U3dFH L, ole} A FTZ IANE
A e doF stEE A2 ] Ay " astit) Static-dynamic stiffness
model> A& AAH T8 A= F ¥ 2
IdE = & Wyol Fastt

=
A AD AAH 54 AL ALs)

JA B 4L = e 4 ARANS TR
WA AH AAe At WE SRS T BA BAL A Ao
e 52 $He TR Iuu 54 9 7 W, 44 9o ANz
be 27 AEL 7X7] Wi 5YF 27) AW 2 AAxAL B2
7 ASME AT dol2AL Ba 5UF 27] YL AEF W) vhA

oz Agstel A $He TS Zo] AwrAd WHoln

(Yongjun, C. Yan, Q. & Tianyu, Z., 2013).

i
i
i)
Ll

Upper-lower stiffness model= v}x7}2| = upper stiffness¢} lower stiffness=
T oHe sy Aol Haesit sidHge FL} ol AHEiolA upper
stiffness & &3t 7z} AlFAldd A83t= Hol AHE 3 lower stiffnessE
A g5t BFA Ho L= AlS F3kt} static-dynamic stiffness model®} w}

AAARZ T A4 Aol Q3] BhE 2/|4Y e 2 HER FUF 27 %

_{

g zt= AAIRAE WSS e e ARAY dolzds T3 ¢ =
7] AES 2= 3o

o] AL HNFZE AFA2EH dukAHQl A WYHo| AW HAFE2ze] 3
gl 3z o) o3k do] WHalel Ao WHasE THIA &S Aol uwpEla Aol
oF AR HEE 196y HlAe AFEZ ARAILRY AN d9E E
2 HAFEEY 5ot dolo}, Wtk S Fole #AHE HEES o o

8= a32 133 static-dynamic stiffness modele] a4 348 Fig. 2.6
of =23} 3} a1, upper-lower stiffness model®] &4 34 Fig. 2.70] =2]3}
sFA o
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Fig. 2.6 Synthetic fiber rope mooring analysis procedure including creep

phenomenon in the static-dynamic stiffness model
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A 3 A Environments condition

3.1 Environments load

2 AT e Bepdel Campos 99 SHE=AS o= 7Add 34z
A 7HAE3JHZhang, W. Jeong, C. & Spreeken, A. V., 2013). Fig. 3.1&
Campos Basin®] ¢1xE Uetfa Qom o] sfge] F#4& 100~2,000m= T}k
SHA g

mjoj 20|

1} of of

Fig. 3.1 Campos Basin in the Brazil
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Fig. 3.2= Campos afl e 4l mE A 3
o. 53 & dAFolA+= HMPE =327

ﬁd
it
i
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P I R Y N B B

400 —
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|

1200 —
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Fig. 3.2 Water temperature in the
Campos Basin

o] YL FolFar 1~-3m, F7]+= 6~12% 18|31l 150deg W3Fe] waver} ]
Ao s Bxsla 9th Table 3.1& 1087 =A== ©o]E]ES wave scatter
diagram e 2 Yepflon Ao Mo] ZMox F2Mo g Zdes Iy HET)

E55 UEHTH
Wind= API spectrum2 AR&3FA AL currents= o] dfHe] A ¥ HF &%

o wake A8 olof 2L BHEASL Table 3201 Felwo] Uk
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Table 3.1 Wave scatter diagram

Tp [s]
4 6 8 10 12 14 16 18
Hs [m] ~ ~ ~ ~ ~ ~ ~ ~ Sum
6 8 10 12 14 16 18 20
0~1 8 164 212 78 49 514
1~2 333 826 109 34 7538
2~3 40 790 174 50 5275
3~4 230 105 124 471 118 22 1070
4~5 9 17 29 . 69 43 7 174
5-6 MU 086/, 10 35
6~7 1
7~8 1
SUM 381 3458 3361 3917 2918 457 113 3 14608
Table 3.2 Environments data
Description Condition
Wave gamma 1.7
JONSWAP spectrum direction 150°
1 year mean speed at
. 5.5m/s
Wind 10m
API spectrum direction 150°
current speed at surface 0.35m/s
Current
direction 210°

Collection @ kmou
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3.2 Design condition

A sl o] wave scatter diagramell thd Al &F8h4]
2]

g Aol ECA Aol ik A

3 B Aol Zjze] dFgFH s dotraxt o
Az g7t ARsYel mAs YFe LdotEr] ffs) Bk campos
el 1008 Ad F7] AAxALS wtgoR AEgdelds £33 3, o=

Table 3.3o| YelY Utk

i

Table 3.3 Design conditions

Description Condition
Hs 7.8m
Wave Tp 15.4s
JONSWAP spectrum gamma 17
direction 202.5°
Wind mean speed at 10m 28.3m/s
API spectrum direction 22.5°
current speed at surface 1.75m/s
Current
direction 225°
18
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Al 4 2 Mooring Layout

4.1 Mooring layout

AfFA 2" A= Ad A7 ABE vEo=2 A tHLeite, S. &
Boesten, J., 2011). o]+ Hz}ZoA MODUE thio & HMPE Z 39| ARgo]
AgeTS AR, B AFNNE L3 AF FHE AHAsuot 53
HMPE =& & AfFE3xo Hlal ZAdol m-¢ Atkes SA 0] Utk webA
TAlo] Z& 5o HMPE ZZwk A8 & A AlFAded Z&ste 9ol
23 o] MBS(Minimum Breaking Strength)< dof s}tho] WAYstAl Ht). Leite,
S. & Boesten, J.(201D& ©] ®#AE slAsty] fal AFAHY IREEAA
polyester =X &5 AgetE  ‘SpolB T AlFALE S A& sto] B
T AFA2=H"e Polyester 229} HMPE X2 ALg&3512 2 4ld uwlgl A
232 o] Hl&& vgEA ok It 47l AFAA AAsE 4 2ZE9] H
&2 Table 4.13} Zt}.

Table 4.1 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%
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Wzste] g0 L4E ZYZ Lxr} Flemz

|
A H R Fo] w2 seabed FZol AXsfoF sl polyester ZZ+= g

Foll AX]sit

AlF41L& spiral stand wire - Polyester rope - HMPE rope - Chain.o.
Hol Uth. AFAe Aol:= F 1268me]al, Foot print radiuss Wz <l
Taut-leg AlFAIZ="o] AH&st= 49 1oME At iAAFFx== 3
e fAHo® 7HEe Fig 41& olok 2& ARASY S 29t

AT

i
> 3

- h 4
Rig wire = 202.9m
\\
%
ke ™ =
= 3
\\\ Polyester = 330.4m i
=
- S
i o
o
HMPE = 380.4m 3
o
m
=
Chain = 304.3m
Seabed )
1.5WD

Fig. 4.1 Configuration of mooring line
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Line 12 Linel
Line 11 Line 2 Current

Line 10 \ . %/ Line 3 1 ,
F -~
i | [
Line 9 % \ Line 4 \
Line 8 Line 5 Wave, wind
Line 7 Line 6

Fig. 4.2 Mooring line numbering and Environments direction

AFAE F Wl A AFAFSC] doem 4 F5 & Al Y AlFAde] A
oAt AFAY e line 1HES FAHOZ AAWEOZ He ok H
FA e AFAo] o]F= Zr=(e, Out Bundle Angle)et AlFAl Abo]o] Zh=(p,
Inner Bundle Angle)= AlFAd Al A€o #HAA HHo 4=E AT
v o B ATl s 42 2° 9F 60° & A& sk T, 2015).
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4.2 Mooring stiffness

2 AT E st AR W 7HA e TR AlFAdel AREEHUTH
Polyester®} HMPE =®3xo] ZAL AGE3x A %34l Lankhorst®} DSM
dyneemacll A A@ste] AFs FAAE AESIH TR Static-dynamic  stiffness
model #FHANA FA FAL storm conditiondl A 71 & A #S VA EZE,

A4 AL o] 2AAAMY AHe AU ol= Table 4.20) A st

Table 4.2 Stiffness of synthetic fiber ropes for static-dynamic stiffness

Stiffness mode Polyester EA SK78 EA DM20 EA
Static 15*MBS 60*MBS 40.3*MBS
Dynamic 30*MBS 105*MBS 60*MBS

T3k, upper-lower stiffness model®] oA upper stiffness= storm
stiffness o] == static stiffnessellA] AF&3+ 54 FAAH 5L A4S AEsH
a1, lower stiffness= NDE & TTI(19990 A A Alst= A S AF&3 T 9]
£ A3 Table 4.33 2t}

Table 4.3 Stiffness of synthetic fiber ropes

for upper-lower stiffness

Stiffness mode HMPE rope
Upper stiffness 105*MBS
Lower stiffness 35*MBS

2 AT AHEE AlFA =" =8 AY-2 Table 4.49] YERH AT
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Table 4.4 Main properties of mooring system

Description Magnitude
Pretension 13% of MBS
Number of lines 4%3
Length of mooring line 1268 m
Segment1(top section) Rig wire
Length 202.9 m
Nominal Diameter 0.099 m
Mass per length in air 39.1 kg/m
Axial Stiffness 395,960 kN
Minimum Breaking Strength(MBS) 6,208 kN
Segment2 Polyester
Length 380.4 m
Diameter 0.117 m
Mass per length in air 14.9 kg/m
Minimum Breaking Strength(MBS) 6,174 kN
Segment3 HMPE
Length 380.4 m
Diameter 0.08 m
Mass per length in air 5.1 kg/m
Minimum Breaking Strength(MBS) 6,174 kN
Segment4(ground section) Chain RK4 studless
Length 304.3 m
Bar Diameter 0.078 m
Mass per length in air 119.5 kg/m
Axial Stiffness 512,930 kN
Minimum Breaking Strength(MBS) 6,221 kN
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4.3 Simulation case

5 = FEFE dotrr] 8, Az AN
of 71 B 9FS HA= A5 &5, sk, A Al 7R 84 st o
3t FEFS 2AEIYE T 2= Hebd campos basin 3o 2o wel 10T
FAL, F7LE AN g HuE F3er] A I3
AFdel AHgE= DM209] zZg=z APARE  7]Wke Z(Viasblom, M.P.
deo] dAggo] e FFS Lot
Btk =3+ wave scatter diagram—g ‘?}%“3}7] u] &of, diagrame] A Z& <+
A& s oF Frh. Diagrams ol® &A= A &St wmel Fgx ool
ztol7b WAskaL FfAo WA & FEFE Aol7F TS Zlojn. o] dolr

7] f1s) diagrame] & +=ME Yo = APE

Zy ANE# ol caseES Table 4.59) YEFN AT

Table 4.5 Simulation cases

Stiffness model|  Condition Temperature | Cell sequence
Case 1 20C random 1
C 2 MObU 20°C dom 2
ase . . random
Static-dynamic | (5 years)
Case 3 stiffness model 10C random 1
Permanent
Case 4 20C random 1
(30 years)
Case 5 MODU 20C random 1
Upper-lower
Case 6 .pp (5 years) 10C random 1
stiffness model
Permanent
Case 7 20C random 1
(30 years)
24
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Al 5 & Analysis result

B Ass A AFS A4 AR 1T AFA2YNE 22 8
Ne $HaAT 7 Caseo] A= Bolst Ao WakE WA YT =

s FE =7} FAYslr] d MBS(Minimum Breaking Strength)e] 13% %9 =717
Hol] Zgjxzrt HAZE 5 o W3y} dAstA =R 7 Case B2 APt
a8 AR Zgske Ao AHH FaAe HH-&52d surge, sway, yaw
motion®] Ho QL ZAS HlwstY AYE G397 YA FA FH vA= FEF
& YolE YT

Static-dynamic stiffness- model-& AF83tH S W= A Al 7HA ¢ vluE A
25t Case 19 2= 53 MODUE AFAIZHES ALE & A & 2
0ColA A= Az g3 o mE Ao WM3E & 4 9la, Case 1
I} Case 2°] HlnE 53l wave scatter diagram 42| WY <=Ajo] W& Zjo]E
' 4= ot Case 39 A= Fa) 10ColA DAt Fe)=zeb FAdeo ¥
3tE & 4 A3l Case 49 A= YA T FHAA Az TS & &+

ot mpxleto 2 upper-lower stiffness models AF&3F 73¢9 ZA3}E= Case 5,
6, 7914 Z+zF JERA AL, static-dynamic stiffness modelS AF83F1S wf o}
H] 7 3} ELEL% B97F o WS BESele AARAERD S dolE YT
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5.1 Case 1 and Case 2

I:l No creep
[ ] Caset
X 77 7] CaseZ
=00 1 B ) . _ w0
=
g 80— - . ) i 7 ]
& 60— . . i 7 )
6 20 - . ) i _ ]
o
0 1 2 3 4 5 6 7 8 o 10 1 5

Mooring line number

Fig. 5.1 Change of HMPE rope length (Case 1 and Case 2)

[ ] Nocreep
[ ] Caset
ZZZZZ777] Case2

\ | | \ \ \ | |
0 1 2 3 4 5 6 7 8 9

Mooring line number

\ | \
10 11 12

Fig. 5.2 Change of HMPE rope stiffness (Case 1 and Case 2)
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[ ] Nocreep
[ ] Caset
777777777 Case2

Pretension [% of MBL]

Mooring line number

Fig. 5.3 Change of mooring line pretension (Case 1 and Case 2)

Fig. 5.1& AA+H<l 51d0] A 3 Case 13} Case 29| ¥3}3F HMPE &
o] dolE Y flew 1 Aye= F 7}11 AS 25 FEsA 0.2% F7t
sttt Fig. 5.2« A9 ®stE e + A9 BF SHAl 39% 748t
Aot Fig. 5.3 =g xze axtd o8| Z+ AR /‘MW kg 27149s 9]
st, 7R E Case 1W13} Case 2WolA Ao 3.4% sLsA AT
Case 13} 2&= diagrame] cell A8 £Alo wE Zlo]olt}, 3A|TF F Caseg Hl
watHE W F xpolrt RASEA = FUTh whbA] diagram A | A o] 313
Hojztel wet wislsle AlFAle Zolet AAS AAS] A E T

5

e

[
@
o
o]

Mooring length [m]
&
S
N

w
[ec]
o

I I I I I I
I I I I I I I I I
T T T T T T T
0123 4567 8 910111213141516 17 18 1920 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Number of scatter diagram cell

Fig. 5.4 Change of HMPE rope length according to the diagram cell sequence
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C—C O caset

E|”E|”E|Case2

© w0 < o)
[7an.] sssuyns

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

Number of scatter diagram cell

Fig. 5.5 Change of HMPE rope stiffness according to the diagram cell

sequence

3570 ¢] wave scatter diagram Alo] s2do] P u}
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Fig. 5.49} Fig. 5.5

g dolgt FAe WaE YEpfE
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2 tF. Wave scatter diagram<]
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Fig. 5.6 Maximum vessel offset in the design condition (Case 1 and Case 2)
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[ ] Nocreep
[ 7] Caset
7777 Cese2

w
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2000 — - - R R i P e
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—
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Mooring line number

Fig. 5.7 Maximum tension in the design condition (Case 1 and Case 2)

Fig. 5.6= tixl AT AelA Zglazryt #AA] ks 499 TSI
A5 vlaste] FHA S Ho LI A WHIlE B 9lomw surge, sway,
yaw motionoll Al Z+Zt 11%, 7%, 2% Z=7}3t3dth. Fig. 5.7¢ AA zxANA Z+ A
FAlol ZH&gete Ao ZAES vebdie A2 A AsE Qs Hol 2.4% 7
23T o] AFE mFo] Hof 20T oA 51d o] %o W= o] M A
I FfAe Ho 2Lz AFAd 88t Ho Aol Wsts
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5.2 Case 3

[ ] Nocreep
[T Cases
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Mooring length [%]
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Fig. 5.8 Change of HMPE rope length (Case 3)
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] Cases
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Fig. 5.9 Change of HMPE rope stiffness (Case 3)
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Fig. 5.10 Change of mooring line pretension (Case 3)
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Fig. 5.11 Maximum vessel offset in the design condition (Case 3)
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Fig. 5.12 Maximum tension in the design condition (Case 3)
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Case 3¥ =, static-dynamic stiffness modelS AF8& w] 10C 2] A2 A wt
AsteE mg 2o Axs oLy 2o HMPE 229 Zoj: Fig. 5.894 R4
T e At 0.04% S7FstRAth 4 AlFdolA T A4 M3t Fig
59914 HoFa glom Ht 13% 743ttt Fig. 5108 HMPE £3o] Zo]
< Yeh loen 27FEe A
0.7% Zr&stAqth. =7} ‘%"% AgoAe Az ¢o] wustrg tzael
AAoX = FFA1Y ol mlAlE FFFo] A ot FHA S Ho 2= A
£ surge, sway, yaw motionol A Z+z} 2%, 1%, 0.5% =713 AlFAd 2
= AW AEL2 ¢oF 0.4% TastAT. o] 2= 27+ Fig. 5113 Fig. 5.129
UeERRltE Case 39 a4 Ayp= 20T oA ¢ 73%9} Hwstde W AA
e oo} Ao WE HAFI vk webd RaAel AT AR
e mA= Agze] ade= A B

32

Collection @ kmou



5.3 Case 4
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Fig. 5.13 Change of HMPE rope length (Case 4)
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Fig. 5.14 Change of HMPE rope stiffness (Case 4)
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Fig. 5.15 Change of mooring line pretension (Case 4)
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Fig. 5.16 Maximum vessel offset in the design condition (Case 4)
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Fig. 5.17 Maximum tension in the design condition (Case 4)
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Static-dynamic stiffness model& AF&3}al, & 20C, AASH 302 43
S Yeh &= Case 49 AxE Fig. 5.13, 5.14, 5.15, 5.16, 5.17¢] “eERASITH
Fig. 5.13, 5.149| 4 XHo]= n}e} o] HMPE 239 Hdol= Hul 0.6% Z7}35k
R A A 58% 7HASATh Fig. 5155 HMPE 232 9] Zolg} 74Ade] ¥
ste Qe a4 273ES Yehda o 2738 A 9.6% FAasA
o} Fig. 51604 RHAF+= Ade AAZRANA FFAe Ho 2L=A7 AF
Aol g5t A AolHw, surge, sway, yaw motionoll A z+Zb 26%, 29%,
4% Z7VstR . Hol A= Fig. 5173 o] oF 6.6% HAstth Case 4H9
A FfAe] AAFrEo] 539 Aol Bls) FFAel A AlFAY

g8 Wb v 24 YeEluga lEs R Fa Utk
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5.4 Case 5
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Fig. 5.18 Change of HMPE rope length (Case 5)
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Fig. 5.19 Change of HMPE rope stiffness (Case 5)
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Fig. 5.20 Change of mooring line pretension (Case 5)
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Fig. 5.21 Maximum vessel offset in the design condition (Case 5)
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Fig. 5.22 Maximum tension in the design condition (Case 5)
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Upper-lower stiffness models AH&3& o) & 20Tol|A T3t A7z
o] Ay= v53 2o Fig. 5182 Case H5¥ oA HAYg HMPE 232 9] Zo]
HelE e i ok 229 ol Hdl 0.19% S7HstAT). Fig. 519 =&
ol Ao wE AA Y WEE yUEha Aok Ao WHite= A 33.4%
AT 27] ZEe Be HU 4% Hd4sideT, o= Figo 520004 Ho
3 Utk =3 Case 5¥e A9 Fig. 52104 R+ upe} o] Surge,
sway, yaw motion®] Hul =AMl Z}Z} 11%, 9%, 5% 7ttt AlF/All
2hgste Hol AHL 24% @ASPeH o] Fig. 52204 HoFa Qo

o] el static-dynamic modelS AE3S A¢RT BRE4HQ ARE IA 5
o] exAlol AthZQl FX &= US FIHstA T
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5.5 Case 6
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Fig. 5.23 Change of HMPE rope length (Case 6)
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Fig. 5.24 Change of HMPE rope stiffness (Case 6)
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Maximum tension [KN]
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Fig. 5.25 Change of mooring line pretension (Case 6)
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Fig. 5.26 Maximum vessel offset in the design condition (Case 6)
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Fig. 5.27 Maximum tension in the design condition (Case 6)
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Case 6¥-2 upper-lower stiffness model-& AF&3Fal 10C 2] A A LAY s
= g8z A4S HoFa vk HMPE 232 ¢ Zol:= Fig. 5.233 o] F
th 0.04% S7F3tRal 1ol mE e Wsl= Ho 7.6% F4skAth dol e}
Ao mE %7 AYe Wsle= A 1.2% A A Wstiel %7
A8 ol M3l= Zb7E Fig. 5.249F Fig. 5.250014 RHolF1 it} o] Ay Case
W3} Zro] A 2oA Aol Aol musitt= S BoF Ut Fig. 26
2715 2A &3 stT stolA A2 FiAlel Ao ez AFAdddl 285t
A AHES Jehz Yok Ho) L TALS surge, sway, yaw motiono A Z}
2%, 1.9%, 1.2% S7Fetdth. Aol 28 Hof 0.4% 2438kt

—
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Norr

41

Collection @ kmou



5.6 Case 7
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Fig. 5.28 Change of HMPE rope length (Case 7)
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Fig. 5.29 Change of HMPE rope stiffness (Case 7)
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Fig. 5.30 Change of mooring line pretension (Case 7)
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Fig. 5.31 Maximum vessel offset in the design condition (Case 7)
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Fig. 5.32 Maximum tension in the design condition (Case 7)
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npA et o 2 Case 7H-2 upper-lower stiffness modelS AR&3la =& 20T QI
A AAFE 09S Zte T AFAZEE AR SGls o dAskE
gz} FE=zo] YIS HojFth HMPE 229 o] ZFrte AU 0.6%=
Fig. 5.28¢14 ®oFa1 itk Fig. 529% =X Ao we ZAo Wss
Bl =, Hd 54% ZAstAss AT & Uk o8 Hsles ARAdY =
7] A= & IS "AH A 10% 7H4sa, o] A= Fig 5309014 &
A o Aot FFAe Hol exzAs ARH ZAHY wWale= 242 Figo 313
320 =A)3lsld Tt A9 surge, sway, yaw motione Z+z Hth 21%, 20%,
0.03% F7FetAaL AlFAlddl Ael= &9 A 5.7% 43kt

Upper-lower stiffness model& AF83tH-& W= static-dynamic stiffness
model3} H] w3l surge, sway, yaw motiond} Al FAle] Z&3t= AHAA ¢
Z Hdi@tol ==5 3 Case 13} S Az HA4fo] Ty A B
A2 Ho surge, sway, yaw motion= H|als}H, case 1S 7|FO 2 case 5
<2 surge motiono| A 30%, sway motionol| 4 13% Z1€}3l yaw motionol A 32%
Zkzy A motione] F7Fek T 3k Hol AH-E line 3w olA A=,
case 13} Wlwsle] case 5¥o Huol AHHLE 0.7% 7169 SS & = Aok
o9} e A= Fig. 53304 HoJFar ot
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Fig. 5.33 Comparison of results in the different stiffness model (No creep)

7 AFA Ao MaleS Aulsd Table 5.1, 5.29 2t}

44

Collection @ kmou



Table 5.1 Changed length and stiffness

Stiffness model| Condition | Changed length Changed stiffness
Case 1 +0.2% -39%
MODU . .
Case 2 Static-dynamic | (5 years) +0.2% ~39%
Case 3 |stiffness model +0.04% -13%
Permanent
Case 4 +0.6% -58%
(30 years)
Case 5 MODU +0.19% -33.4%
Upper-lower
Case 6 | P (5 years) +0.04% ~7.6%
stiffness model
Permanent
Case 7 +0.6% -54%
(30 years)
Table 5.2 Effects of creep to vessel and mooring line
Stiffness model| Condition | - Surge Sway Yaw Tension
Case 1 +11% +7% +2% -2.4%
MODU . . . .
Case 2 Static-dynamic| (5 years) +11% +7% +2% -2.4%
Case 3 Stiffness model +2% W% | +05% | -0.4%
Permanent
Case 4 +26% +29% +4% -6.6%
(30 years)
Case 5 MODU +11% +9% +5% -2.4%
Upper-lower
Case 6 7 Gyears) | oy | a19% | +12% | -0.4%
stiffness model
Permanent
Case 7 +21% +20% +0.03% -5.7%
(30 years)
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ol AolzolA W3 HMPE 230 Ao| Z7tet 74
Case 1¥37} 5¥, case 3} 61 Z18]al case 4W
& B A4 2ds AR Aotk & AR R
+ Az TS HuY A5 22 dol= w9 FARE Bl E
dol Wste= tha zpolrt EAs=H, 1L
&7} th27] wj&o|t}. Static-dynamic
stiffness model®] BAZ4A W3l 60*MBSolAFE 2 ZHa Hl&S YeEhH
upper-lower stiffness model®] lower 74 ®H3l= 35*MBSol| A4 F-E 9] A HI&

& UE7] wE] Gto] g melth

Table 5.2+= Table 5.104 #HAgE Ao} 3o Wt Hfx9 A
FAY Aol mAe dFS el Az BAyskA kS 7
o2 FfAL] AsH AR AHe] WsteS onditt. Case 1934
3l case 3 6 olA FRAL] HO Al WHils HlwE Fo 2A 9
5% A% F A4 2de AgEo ok wistel vAAdS nHud F Utk
| A% ®st&o & zol7t dAstA= Fherw, F wdo] A
TE NS Hola Uss & F Utk SHANE case 4MF THI o] A
Al ol 309 BeolAe FAAe] LA WEkso] tha zte|rh RS
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case 13} 59 18|30 case 3} case 6¥o] FYUZ A WSS Hola 9
orng F wdo] Y3 WAAS Holu 9t} AN case 4¥ o] case 7H
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A6d EAE

Az A4 1t dAFHO] AA} T BHAY AFs SFAMA I A
FAlol ZH&stes Ho AHE St e 2 AARE =T
WA static-dynamic stiffness model-& Ar-&3h= 7%, case 13 case 29| H]
nE 53l wave scatter diagram o] |4 Ao wE ZolE Hlus E A
I, Ao A&t AAGle]l Aot AL oo wz}
FAe] Aol LA AR Aele Hd AYE Aot o= T Y
oA EAst= 24 st dAE 18al & W37 glem e WAst=
omjgtt. IBBEE AgZzes 5, 35, AlZHd wet
ol =A%E AV ke AES
2o AgollAs Zolek el WEtyt case 1ol BlEl

sHoll 2 dF= NAA s & T AT
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Static-dynamic stiffness model& AFE3t= case 1, 3, 49} H|n3lH
upper-lower stiffness modelS A}8-3}= case 59, case 6™ 1&]3l case 7¥ <]

BFole FaAe] A Lz AFAde] H ZHol o & #to] =&HNU
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o} mgzef o Eﬂﬁ‘r 2 cased me} oA Zol7l AR S & T U
o} AA o] 59 A F AA mdo] ZgZol Jo FAZ A S

Z¥Amr, Aol 30 del Ao AE case 4¥o] case 7THol v} ©] & W
3185 Ho|E = static-dynamic stiffness modele] =] 3zo] 2] F&kof ©f Hl
ZstA Wstete As & AU Hul AHe #HAAAE FY

Ho] JF AFA 2= A static-dynamic stiffness modele] Zg]Z < ol
st E 228 &3t ulegbA static-dynamic stiffness modelS AF-&3}
o HMPE 22 g7 AFAIZES AASE A A8z aio o8 o 9zt
gk BFAY LA ZAEo WHIlES zty] Wi AAAE olE RtEA 1L
3 of gt
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