Ocean Systems Engineeringvol. 14, No.2 (2024) 171-210
htse ddior g/ 1 0o.sle2®8 @217 1 171

Mo or ihragfantici gnuael v s idese gn fa f 4
se msu b mer pli @tl fece mt 1 al Gul f of Me
Jun “Zou
Fl oating and Green Energy Consulting, LLC, Hous

(Rec dipv2edtigd, Re v iJueid? 22,0 Ac cJeaumtee @2)0

Abstrathis paper focuses on the rigorous and holi sti
sewmiubmer si ble platform in theudHKalolferMeixng oenvGorM)n m
severe hurricanes and strong |l oop/eddy cureriernt s, t|
mooring systems, necessitating robust designs cap:
c onddWaiveen scatter and current bin diagramseare uti/l
and currents, crucial for calculating moordng chai

Moti on (-9dPM)BreenQuitngan{ dPIBaBeendi ng (1 PB) on mooring f
extreme singl ey eeavre nhtusr rsiuccahn eass aln0d0 | cuopp / aenddl oyrwatnupr r e n t
phases, to ensureAreési dilad mavse i syukspsoifen ap Idaetefpo rd
ith H6augemoorings in 2,500 meters of water depth
elative contributions of wave scatter diagram, VI
PB/ I PB/ TT and ndxtr é8me coimpa@lre ngve hese factors, the
nd optimize mooring systemfdesitgvener ss afihdtmy f sthelr i
he cenThal p&Lpdrr addresses ais¢eseamaphproapghby hpgt op o
rom various contributions to advance current pr a
ramework for fatigue analysis and design optimizai
h et iccrail i mportance of considering environment al c
vents to ensure the safety apldatrkedimbdbi l ity of moo

Keywor @éxtreme s;ifragliCGpuodvieafnees di ng ( PR BEBfhecadidngn( 1 PB)
mooring chain; vortex induced motion; wave scatte

1. I ntroducti on

Semiubmer si ble platforms possess unigue attrib
stabilityianeégsaambaessith quayside facilities,
harshktatas. Their expansi ve deck area accommo
facilitating future expansions with nnsitnailnhaalt iiommp
processes.

Accordi®guettao (a10.19) , the gl obal floating produ:
three hundred units, with semisubmersible FI oe
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Production Storage and c@fnfsltaadiitn gr gP Itahtef omamso r (i R R

adoption underscores their versatility and eff ec
including the challenging conditions of the Gul
The gl obal ndiulstawydigas ncreasi-thge ywatxerd ore a1gr da
key regions such as the Gulf of Mexico (GoM), (
Of fshore Mexico to meet rising energV9O0demaeds, wc
tension |l eg platforomhi bTLPy)e beecome eogti neering
whil e Spar platforms require complex offshore h
The metocean conditMexsconatbenceablrgal d&mahdoh
severe environments prone to hurricanes and rob
these extreme conditions to design resilient n
hurricamemrsg amdidystcurrents i mpacting offshore st
DSouetn (a20.24) documented the -submetbsob|l of Fldea
Production Platform (FPS) mooring systems in

comprehensive datsadep|l ngedi ng udbmeteat berssemst al
GoM up to the first guarter of 2024. Over the
ranging from 470 meters for the Placid platform
plfaotr m in 2007.

Mooring patterns have evolved in |ine with te
traditiewiadddachaimonfigurationspot g-ebmacerme sred uypsst.
Addi tionally, mooring equepmshbobdms amd aobadnf
advanecveeds soeflIf tensi oners (OVT), first employed b
andlime tensioners (I LT), introduced by Vito wit

Mooring chain di ametearmt lhya,v er aammgpioh guvrafrpilceadt fisdrgmsi
GOMEZ in 2006 to 171mm for Mad Dog 2, renamed /
ongoing efforts in the offshore industry to enl
mooring Sypswaetnesr iennvdiereonment s.

The mooring ssyusbtneem soifblae spelmit f or m consi sts of ¢

for maintaining stationkeeping across various s
to. The fail uren ohfavae nsoceovreirneg cloinmsee qua nces, i ncl
ri ser damage | eading to hydrocarbon pollution,

Gor ckan(&10.14) conducted a thorough review spann
studi est f®IOM&B) adshauz a (2013), and Kvitrud (2013
root causes of mooring fail utremssi dmc( T} nfgattieqs
plane bending (OPB) induced fatigue, e Xsc.essi ve
bly TT fatigue and OPB f

Fatirepdemt ed i ssues, not a

failures.

Given the <critical i mplications of mooring f.
comprehensive and holistuci mgthbd fmoorfagi gust a:
This apptemdproactively address and mitigate th
service | ife of of fshore structures. By integr
drawing i paisghtftaifuoms, the offshore industry c
mooring systems, thereby mini mierimm go poepreartaita nanlali
TT fatigue analysistercmuepaeal aft icoynpalscsad @ msyd inetgn pdl roos:
wave scatter diagram representing numerous sea

currents from di fferent directions with associ a
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(Go M), a distinetsieneef ®odt srte oing tlbheppreddy curr
analysis must also consider fatigue induced by
VIM occurs when a slender object in a uniforn

transversely if the shpeplddadt hgr mreqturacyvald sgnrsatw
phenomenon i s pr omi nednotc uinme nS pear i ml aAtPfl o rRPs ,2 SvKe (|2

by 26 u(10.11) . Desepbhen$tbkempl atforms al so expel
studies bg @@dfi1akygROWLI3I), Zou (2014), and subse

Given its significant i mpact on mooring and r
characteristics is crucial for mooring system ¢
hydrodynamic interaction, mo d e | testing plays a
tests derive Max A/ D and Nor mal A/ D envelopes,
design curves as a vital <cmonsideration in offsh

Quofl ane Bending (OPB) fatigue in mooring che
Loading Buoy in 2001, revealed a distitratsifoai | ur
(TT) fatigue. This discovéoiynpriomgpaedr y her ejseatb
from 2007 t o 2013. The OPB JI P yielded signi
comprehensive testing, contributing valuabl e de
factors.

The findings from the Chain OPB JIP were instr
in the Bureau Verites$ (WOilde!l iamas s(udbGled)u.e nRa mppib |
c) further emphasized criticabkolipe®@abd®) | eaparde
on these insights, providing a guidance note t h:
of fering practical eta(@le2@) ¢hpiscwdd sapmpulot@icbng:!
study.qgudihergd amooring tension and interlink angl e
systemotmiame&a si mul ati on. For chains, fatigue wa
El ement Method (FEM) -deplensdsiesnt Thaimikomanahaf d@ai -
i nputs for the fatigue analysis showcased a sop

Collectively, these efforts have enhanced unde
fatigue in mooring syst enasnd tdhuerraebbiyl iitnyp roofv ionfgf sth
chall enging offshore environments.

The significance of potenti al fatigue damage
recognized in API RP 2T (2010), specifiesally fo
This standard str es steedn fitahhei gnueec e snsdiutcye do fb ya sesxet srsein
ensure tendon d(uwearbtiilcdaly moori ng)

Interestingly, moo-submecosmpbbeeptat formsemnder
(2015 anud d2e0linesg were not mandated to undergo
singl e events Nonet hel ess, considering such as
design, ensuring it can withstandvextyreme condi

By incorporating evaluiahdoosdfbatiegttegemeéesi gge
reliability and durability of mooring systems,
of fshore operations.

To dat e, numerioruvse ssttiuwdaiteesd hvavke and OPB/ I PB i n
individually. However, there is a notable gap
evaluates these factors along with contributior
extreme evegtysalri haurrGOanes and | oop/ eddy curr e
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Our dtvgetsddress this gap by pr-&viMdi ©® Bi/ m £iBg h
wave and current charact eraifdsteicdass, nmeomd i enxgt rcehme n:
i dteinf ying the governing factors through this hol

and optimize mooring system design for increas
of fshore environments |ike the central Gul f of
Througbhse¢ehish,r we aim to contribute valuable
framework that includes diverse environment al a
anal ysi s, ensuring robust and effective design
The structure of the paper includes detailed
key input data considerations, comprehensive an;.
recommendati ons. By syntuldesit 2iond g nthhhenscee eclua meemtts

desi gn practices and contribute to the develo
withstanding the demanding offshore conditions

2. Moor ng fat gue analys s methodol og es

The studyi eheepmhowscoupled analysis as the metho

extreme mooring |line tension. This approach ex|
el ement met hods, i ntegrating their rsestpooomrsiensy wi
and riser stiffness, mass, damping, hydr odynami
simulate their effects on hull response. Coupl e
riser influences on overall platform responses.
Fowioag the acquisition of mooring |ine tension
computed using rain floowurcwvent(DNV a®N curtwherf dm
BV SN curve for the combined sftateisgud adrn gtuleg , c @
stress fatigue is analyzed. Methodologies for T
Section 2.1 and Section 2.2, respectivel y. Fr a

excluded from this study.

~

2. lensf ems” on fat gue analys" s methodol ogy

For teessioon (TT) fatigue analysis, there are
fatigue: cybéet ¢éddN)ompproaRMSKag2006) i wegadien hAP I
(SN) approdchp-OBBEY@Ef({D@&15) .

2.1.1 TFeemssiioom fatigue per TN curve

The chain fatigue drRaPhEEe ROOS5STNcaunr be E€RPresse

Py ~M
a Q

D:N*%%*ersg * QL+ m/2)/ K (1)
C’ -

I n Eq. (1), N, R umbtehre orfatdyycloefs;t ension range
breaking streng\t hc;urm,e ;t hKe stlhsep @ una ¥eer Tc eBpott ho fm tahned
depend on the type of component s. For this stuc
Hi gKeval ue based on vendor fatigue tse satppmiogvhatl .b
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2.1.2 TFemssiioom fatigue per SN curve
The chain fatigue daSka3glel ,pe2r0 2SIN ccuarnv eb e( DAINM tQ e |
n(s)=a,s"
(s)=a (2)
The Eq. (2) caecéasetlinebogaedt amdf or mat bel ow
log(n.(s)) =log(ay )- miog(s) (3)

I'n Edqn(s)( 2Znumber of stress ranges (number of <cy

n M&a; the intd&Nrcepveof m-Neh®r vé opEdpadfg Emaimet er
tudl esms 3afFai6hddwer e applied for this study.

2.1.3 Resuldtaaratg efsat i gue
The accumul ated fatigue damage for each moor.i

quations specifi(ld DNV -EBBO1RPEZSK(QREQq., denoted

D=4D
(4)
In Eq. (4), n: ttotall mrcoueru!| aft eldi st iDue damac
2.1.4 Minimum safety factor
Regardless of whether TN curvteosi 8N €atveguwas
alculation, the minimum safety factor is 10.

ensioner to rotate i

h
oundati on odn tthlree ORVHS
n
i

h
1
n
i

e

2.2 The combianeduet memsad ys s met hodol ogy

The u®¥Tscf interface cnoomproinnegn ttso pb ect meeiierind uasrnt d att ke
n FThge. ilnterl i nkwamos mgmé s dmtrendi| ian BV guweird evleidn e s
rom | east square met hodt.udin g RARB i 218 6t) e/ tr- @k & t
etailed formulas and met holdionRedsg (¢ s, pl ease ref

2.2.1 Interlink angle
I'n Fig. 1, the FPS ul | undergoes rotational
fh wl

t h

a a horizontally t
Chain |Iink #0 is r
e ower end of ch
outside the ¢
n

|

S

e between chai
e

i

orien d pin, gpermitting ver
igidly connected to the chai
ain |link #0, which i s mount e
[ haitnhe tw
gl ink #1 and chain |link #2
ghes

gl gebl a0afinks.

m Fig. 1, calculating the interlink angle

I

Fro
nks (beginning from chain nk #1 downwar ds)

mrerr emd dfr ecH ai rc olnin

a
I
t OPB moment. The interlink angle decr eas:e

eld. A vertical rotati on
e horizontal plane. Adc
e
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- Main
Chain f"n (K housing
gl W\
Link 0 { 3
Chain
Chain Stopper

Link 1

Chain
Link 2

(a) A sample offvesseltensioner (OVT, (b)Schematic connection between OVT and FPS hull
Barde® top chain link numbering

Fig. 1 A sample OVT, schematic connection of OVT and FPS hull and top chain link numberin

movement The | atch housing is hoonreantad tmoviEem
while the main housing | inkBOFomatieo®ws¥S hul |, w
Certain mechanical components feature specifie
both the vertical and hodéegobgalaildponisj -pThed et @ oi
or -ofmtane bending moments that exceed their spec
of Qwei gni ficantly impact the calculation of the
numeri cal mo delrse vagiaal eBRlexcd i e d ,aMdimer i cal mo d e |

2.2.2 OVT sliding moment | imits
As depicted in Fig. vithheréehare twspethisveilb:
pin positioned on the OVT foundation, with the

horizont al pin |inking the main housing to the
speci findcdefifcitciioent s are carefully designed t
capacities. This design is <crucial for effecti
preventingndPBedd PBati gue from becoming the dorm
anal ysi s.

The sliding moment I imit formula per BV guide
suitable for both pins as foll ows

0 ™ v 00 (5)
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Locations Descriptions

Remakrs

Starting of bending area

A . .
inner side

No OPB

Staight Section i Con

Potential maximum
B combined stress due to
TT. OPB and IPB

Tension Fatigue Crack Locations

Uniaxial OPB

Potential maximum
B combined stress due to
TT, OPB and IPB

Uniaxial OPB

Potential maximum
combined stress due to
TT. OPB and IPB closer
to contact area

Multi-axial OPB

(a) lllustration of hot spots (OTFZ5779MS)

Fig. 2Locations of hot spots on a chain link

Table 1Stress Concentration Fact¢BV guidelines, 2014)

(b) Description of hot spots

. Locations of hot spots
Loading
A B B6 Cc

TT 4. 48 2.08 1.65 1.014

OPB 0.00 1.06 1.15 1.1721

| PB 1.25 0.71 0. 66 1.50

[ is the mean stress correcti @®rmefldavt or which can be

In Eq (5), 0 is sliding moment limitfi iisgpin number indicator, i=1 represents the vertical

pin and £2 stands for horizontal pin; p is friction coefficient, is friction coefficient at vertical

pin location and'

is friction coefficient at horizontal pin location; D is diameter of the pin in the

bearing, O is the diameter of the vertical pin af@d is the diameter of the horizontal pin; F is

the instantaneous loading on pii@® is the instantaneous loading on the vertical pin ddis the

instantaneous loading on the horizontal pin.

The friction coefficients in EQ(5) typically derive from vedor prototype breakout tests, with
typical values ranging from 0.05 to 0.15. Notably, the friction coefficients between two adjacent
chains are considerably higher, typically around 0.5 in air and 0.3 in seawater

2.2.3 Hot spots and stress concentration factors

There ardour typical hot spots on a chain link as displayed in Bignd corresponding stress
concentration factors at these four hot siBi¢ guidelines 2014) are summarized in Talde

I p T8 — TR U

in KN. 1 is not less than 0.95.

(6)

In Eq. (6), P is mooring line pretension in kN and MBL stands for mooring line breaking strength

cal cul
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(a) DD semi platforni perspective view (b) DD semi platformi top view

Fig. 3 A generic DD semi platform with Ifoorings and 12 SCRs

2.2.4 Calculation of the combined stresses

To ensure the worst stress combination on a c¢h
C), four possible combinations of stresses due to TT, OPB and IPB per BV guidelinesaf2014)
given in the formula below

v

Y, o Y, aY, 0, 7

In . EfRP is 1.08 sarM¥ 0¥, an¥, can be calcul at
f or mul a Bvguideliaen (20140

2.2.5 SN curve for the combined fatigue calculation

SN curvefor the combined fatigue calculatioBY Guidelines2014) isreproduceds follows,

VA (8)

In Eq (8), K and m for the single slope desi§N curve in sea water under free corrosion, log K

=12,575and m = 3.

2.2.6 Minimum safety factor for the combined fatigue
For single slope free corrosion Shirve (Eq (8)) the minimum safety factor is(8V, 2014)

3.Descr i pstiuodnya » €
3.Qverview of the deep draft semisubmersible p
Keyaramet elrabdhhg®ingni ¢ decel udmnafrti nfgoupont oon sen

(DD sweintih) t opsides payl oads 2 5&,e00tOe masreyr $6 ( RERs ) r
i n centiral2m&iONky eZa5 s eardeapicted n i Fdegd perde sien2tTabl e



Mooring chain fatigue analysis @ deep drafsemisubmersible platforgn

Table2 Key Parameter Design Data

Pl atform displacement (m 87,000
Pl atform draft (m) 35.0
Topside payloads ( mt) 25,000
Still water clearanfao® to bot- 26. 0
SCRs vertical | oads ( mt] 5,500
Mooring vertical I oads ( 4,350
Table3 Particulars of the Deep Draft Sesibmersible Hull
Col umn-teaemtteerr span ( m) 75.0
Square column with round c 19.5 x 1¢
Column freeboalrcd f(rnpm MWL t 22.5
Deck post height (m) 3.5
Still water <clearance to bot 26. 0
Hul Il draft (m) 35.0
Column height (m) 57.5
Pontoon height (m) x equiva 9.5 x 15

ML1

ML13 NwW

ML12 SW

T T
B
[ — &

A

]

A

ly

ML4

7

ML9

(a) DD semi hulli perspective view

Fig. 4 A generic DD semi hull with 16 mooring lines

3.R2eep dernafstu bsmeu led rofliegur a
The deeemidgwmbdmerssi bl e

di mensions of hull conf i3gu

hul |

ti on

rati on

1
ML
(b) DD semi hulli top view and mooring line numberir

sE | M5
8

N

confi cqaunrda tiitosn

ar e

summar i

pirsi nic
zed



Jun Zou

(o]
o
o

9"

o

S
'

Probability % (per Year)
D
o
)
1

(RO N ! XN

(RN X R

UEEEREEX LX)

Fig. 5 Distributions of significant

oA

[ ——
I .S
>

RERY \
L/

LN
NS

Probability (%)
Probability (%)

0 . '
00 10 20 30 40 50 60 70 0 *
Significant Wave Heights Hs (m) 20 0 00 80 100 120 10
g Wave Peak Tp (sec)
(a) Probabilities oignificant waveheights (b) Probabilities ofvavepeak periods

Fig. 6 Probabilities ofignificant waveheightsand wave peak periods

33Moorcomg i gur ati on

As di splgay etdheéme Fare 16 moorings in 4x4 patter

bet ween adjacent Ilines in the same c¢luster is 5
Northeast ( NE) column <cluster and incrriemgges cl
composit i-poml yi-esh &cehmiaand mooring confidguration is

34SCReyoutveandcal Loads

There are 12 SCRS8 asiichl ustcd atded oine Biid export
productions, three gas injections and two water
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(@) Grid heading definition and platforr (b) Probabilities ofsignificant wave heights vsgrid
coordinate system headings

Fig. 7 Grid heading definition, platform coordinate system andabilities ofsignificantwaveheightsvs
grid headings

4. Genemétoceraint eri a
4.1 Overview

The wave scatter doiagtramrobeaeli hiedy asf t siegni f i c
representative period (Tz or Tp) accordi-ng to A
induced mooring fatigue. Current bins wutilized
Peakal ues of singlegeaverhtus,risaanksaandO0O0oop cur
accordance with API RP 2MET (2021) guidelines. F
in Sections 4.2 to 4.5, respectively.

42Wavs atdiergr am

Detailed wave scatter diagram data are documen
in Fig. 5. The distributions of significant wayv
As APl RP 2MET (2021) does vnso.t dsipreeccitfiyo nwsa,v et yspigen
of significant wave heights vs. headings in cen
this study.

From Figs 5 and 6, the highest probability o
meter s ,higrmdksttherobability of wave peak period i
the highest probabiligybddit waaets. originates fro

A43Cur rceinst r iibrug i on b

The current distribution birikouugdedli4dny .t Hins t fitel
Mexico (GoM), annual |l oop current occurrences V
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Fig. 9 Probabilities ofturrent speesland grid current directions

in benign, 84 days in medium, and 112 days in s
current regi on. Earrenmpdicecyjothé weird consol
headings and ar &8 degpeOcedviehyFig

Froms FiBgand 9, the highest probability of cur

current dir egertbidaurt hiwse sftrrom t he
44Si ngient0-Qedurriscane

A generic centr alyeGorM hsurnrgil cen acevpegnmd, hioGudr csh ionfg p e
anrdampdggown wave, wind, and cur rbamtd d¢dtod arde i u rin
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Table5 A Generic CentraloM Single Event: 10@ear Hurricanes

Hour s

Single L Peak (10-30ear 10pwear Hourly vwSurface ¢
1 24 3.009 8.87 15.75 0.67
2 22 3.33 9.009 16. 21 0.69
3 20 3.65 9.41 16.91 0.72
4 -18 4. 07 9. 73 17.73 0. 76
5 -16 4.60 10. 17 18. 78 0.79
6 -14 5. 214 10. 71 19.60 0. 83
7 -12 5.914 11. 2°¢ 20. 41 0.87
8 -10 6. 86 11. 7¢ 22. 28 0.94
9 -8 8§.01 12.5¢ 25. 20 1.06
10 -6 9. 42 13. 3( 29.16 1. 24
11 -4 11. 26 14. 17 34. 06 1. 45
12 -2 13.69 15. 2¢ 39. 31 1.67
13 0 15.80 16. 0! 46.08 1.95
14 2 14.06 15. 3¢ 42 .34 1.79
15 4 12. 04 14. 4¢ 37.56 1.60
16 6 10. 52 13. 8¢ 34.65 1. 47
17 8 9. 44 13. 3( 32.20 1. 36
18 10 8. 47 12. 7¢ 29. 75 1.26
19 12 7. 72 12. 3: 27.30 1.16
20 14 7. 22 12. 01 25. 20 1.06
21 16 6. 79 11. 7¢ 23. 21 0.98
22 18 6. 42 11. 57 21. 35 0.91
23 20 6.07 11. 2¢ 20. 30 0.86
24 22 5.72 11. 0: 19. 25 0.81
25 24 5.38 10. 8¢ 18.20 0.77

I n . ghourly wind speeds were scaled

up by

factor

of

5.

45Si nglent10Qedmocprrents
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ramgdown

i Ri g a) 11a

Per
Tab7l e

API

RP 2

MET

(2pea), | bop bupghent

down by f

central -yeaM dioro@dh e wergasmplitigp 2G0 eachi ng pea
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Lesp
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Table6 Single event 100-year loop currents

HS(m)

-geant HuU®0Oi cane -WUB,

To(s)

iy {m /s, 53

Ve ( ”’/S, x5)

hroaua csh iorf g rdeEmETK

E,’inHours Curr(BinHours Curr(BinHoursCurren
peak speed peakspeed peak (m/ s
1 -126 0.88 16 -36 2.22 31 54 1.95
2 -120 0.96 17 -30 2.31 32 60 1.87
3 -114 1.04 18 24 2.39 33 66 1.76
4 -108 1.15 19 -18 2.47 34 72 1.67
5 -102 1.23 20 -12 2.58 35 78 1.59
6 96 1.32 21 -6 2.66 36 8 4 1.51
7 90 1.40 22 0 2.75 37 90 1.40
8 -8 4 1.51 23 6 2.66 38 96 1.32
9 -78 1.59 24 12 2.58 39 102 1.23
10 -7 2 1.67 25 18 2.47 40 108 1.15
11 -6 6 1.76 26 24 2.39 41 114 1.04
12 -6 0 1.87 27 30 2.31 42 120 0.96
13 54 1.95 28 36 2.22 43 126 0.88
14 -4 8 2.03 29 42 2.11
15 -4 2 2.11 30 48 2.03
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Loop Current Speed (m/s)

25 mmmmmmm e B E o e e
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Table7 Loop Current Profile and Associated Wind and Waves
Wind Speed (10m el eva

1 h mean (m/s) 7.60
Waves
Significant wave hei ¢ 2.00
Peak spectral peri oc 6.00
Nor mal i zegr cfuirlreent
Depth below surface Scal e
0 1.00
50 0.99
150 0.66
300 0. 35
600 0.20
1000+ 0.20 m/s

5 Numer modkl s

51 Overview

A fregwemady radiation/diffraction analysis par

developed to calcul ate added mass, potenti al da
( RAOs) , serving as i ndoaumasi nf oameatlhyesd ssi. mgle d e ntgutei
utilizedonmai ni meoupl ed approach. Thi s section s
considerations for environment al conditions, t h
critical factors.

52Envi roncmnemt eelipoesentati on

5.2.1 Wind numerical models

Numerical models for wind were developed to accurately calculate mean wind forces at the
combined hull and topsides wind center of pressure. Wind speeds were modeled to align with
specified environmentglarameters, and wind spectra were tailored according to APl RP 2MET
(2021). For hurricane winds, the ESDU wind spectrum was utilized, while ISO wind spectrum was
applied for fatigue sea states as per the wave scatter diagram. The wind speed time series wa
generated using a sufficient number of harmonic components to avoid repetition throughout
simulations.

5.2.2 Wave numerical models

Irregular wave series were generated by superimposing sinusoidal regular waves with varying
heights, periods, and randorhgses for time&lomain coupled analysis. Energy densities of the
irregular wave series were carefully defined to encompass all wave frequencies, including low and
high-frequency responses. The number of wave components used in each wave spectrum ensured
tha no part of the irregular wave series repeated during simulations.
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API RP 2MET provided wave parameters such as significant wave height (Hs), peak period (Tp),
maximum wave height (Hmax), and maximum wave crest height (Hc). Statistical analysis of these
parameters for the generated wave time series was conducted to ensure they met acceptance criteria
of +/-3% with respect to target values. If a generated wave train did not meet these criteria, it was
discarded, and the generation process repeated Uiaticabtance criteria were satisfied. Only wave
candidates meeting the correct key parameters were selected for numerical simulations.

5.2.3 Current numerical models

Current profiles ranging from the water surface to the seabed, as specified in APl RP 2ME
(2021), were modeled to match the described metocean criteria. The current loads on the platform
hull, including drag coefficients on columns and pontoons, as well as shielding factors, were derived
from wind tunnel underwater tests. Additionally, cutrérag loads on mooring lines and risers were
simulated using a timdomain coupled program.

5.3 Deep draft semisubmersible platform

5.3.1 Platform mass properties

The platform's mass properties were accurately modeled using a weight managemeihateport
detailed component weight estimates for specific load cases outlined in the analysis matrix. Mass
moments of inertia, or radii of gyration, were calculated based on detailed data for major platform
components including topsides, primary hull structuexternal appurtenances, and ballasts.

5.3.2 Hull diffraction/radiation model

A threedimensional diffraction/radiation panel model was created to simulate the submerged
platform hull. Panel sizes were adjusted in the wave zone to precisely compditedaoency wave
drift forces and moments. Different mesh sizes were generated, and hydrodynamic coéfficients
such as added mass, ldkequency drift forces, and kinematicsvere compared. The mesh size
was finetuned until results such as added mass, drittefs, and velocity potentials converged and
remained consistent across models. As the platform features spread moorings and is a
semisubmersible, secomadder differencdrequency excitations were computed using commercial
software and integrated into teenulation.

5.3.3 Hull Morrison element model

To compensate for the lack of viscous effects in the hull diffraction/radiation model, Morrison
elements were introduced, consisting of four columns and four pontoons. These Morrison elements
of four columnswere positioned to encompass each column entirely, covering both the submerged
section and the freeboard. Drag coefficients for the four columns and four pontoons, relative to the
incident wave heading, were typically derived from wind tunnel underwatts. {Bhis approach
was necessary because accurately calculating shielding effects fomdm@rcomponents proves
challenging.

5.3.4 The combined diffraction/radiation and Morrison model

The comprehensive coupled dynamic analysis methodology highlightetbu (2008) is
reproduced herein for ease of discussion and explanation. The geneledjsrsf-freedom (6
DOF) coupled dynamic equation of motion is expressed as follows

i+ (B1{e}+ 1k {ou} = ()R, +F. ) (9)



Jun Zou

In Eq. (9),

[M] = mass and inertia matrix (6x6), hull struc
+ mass and added mass of sl ender member s,

[Bl = damping matrix (6x6), potential damping +
+ dampi ng eonibesrlse ntd efrrincti on damping at riser Kk
[K] = stiffness matrix (6x6), hul | hydrostatic

moorings and risers,
{F}=1 oad vector& (sbexcddo)ndrf Wwawvetl oads + wind | oad:

| oads,

{Fvik& viscous | oads (hull Morri son el ements),

3 =load vector (6x1) of mooring and riser ten:
{U}=unknown motionveatr (6x1) in the sequence of surge,

respectively

Bet ween -g4thkemesresmibl e huwinldi aeds mobhengsnstantane
sti ffnekls ndaatnmpii @ g maantdr il  &[d amat ek edddc gfear tbla ckur i
simulations. The detailed method and procedure
and presented in Das and Zou (2015) .

54Moorli mgs staenedit enras gr s ( SCRs)

5.4.1 Mooring lines

Except for OPB/IPB analysisndividual chain links do not need to be modeled separately.
Mooring lines have been modeled as finite elements based on segment geometry, length, unit
dry/wet weight, and axial stiffness. Mooring line tensions, geometry, loads at fairleads and anchors,
length of line on the seafloor, etc., are computed at each time step. Mooring drag/damping effects
are considered simultaneously.

According to the ABS guide note (2021), two stiffness models for polyester, namely the upper
and lower bound modulus methodes acceptable. For ndnop current cases, static and dynamic
stiffnesses are assumed to be 10MBL and 30MBL, respectively. In loop current cases, such as for
VIM analysis, polyester stiffness is assumed to be 20MBL.

For OPB/IPB analysis, as shown in Figtlde OVT components (main housing, latch housing,
vertical pin diameter, horizontal pin diameter, and corresponding friction coefficients from the
vendor) and a few top individual chain links (e.g., top 3 links) have been modeled. Additionally, one
equivdent element represents the remaining chain links (e.g., chain links 4 to 20), following BV
Guidelines (2014). While BV recommends modeling individual top 20 chain links for OPB/IPB
analysis, our experience suggests that modeling all 20 links individisaligxcessive and
unnecessary. However, the effects of the remaining top chain links, such as equivalent mass,
stiffness, and damping, are accounted for and represented by this equivalent element. Further
discussions on these findings will be presenteceittiS8n 7: Numericadnalysisresults.

5.4.2 Steel catenary risers (SCRs)

SCRs have been modeled as finite elements, considering segment geometry, length, unit dry/wet
weight, axial stiffness, hydrodynamic drag, and added mass coefficients. Additionally, SCRs have
been equipped with external strakes along their length, aimeditigiating Vortexinduced
Vibration (VIV) effects from the top down to approximately 50% of their suspended length in the
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water column. The contributions of these strakes to current loads and damping have been
incorporated into the simulations.

55Vortitexduced motion (VIM) responses

With over two decades of measured data, including extensive model testing and field
measurements, prescribed Max A/D and Normal A/D curves as a function of reduced velocities will
be utilized.

For a given current bin in @scified heading, the platform's transverse period and corresponding
reduced velocity can be calculated. VIM motion amplitudes, either Maximum or Normal, are
computed based on the Max A/D or Normal A/D curves corresponding to the specified heading.

According to DNV RP F2052021) since vortex shedding follows a sinusoidal process, it is
appropriate to model the crossflow force acting on the hull as harmonic in time at the shedding
frequency. It is important to note that the amplitude of the imposed awskirce should be
iteratively adjusted to ensure that the transverse motion amplitude meets the prescribed value from
the VIM analysis curves.

An alternative approach is to apply the imposed platform transverse motion amplitude directly
at the shedding@quency. It is recommended to verify that the imposed transverse motion amplitude
satisfies the specified value through doutiecking.

The set of VIM curves incorporating appropriate damping contributions from moorings and risers
has been utilized ithis study to mitigate traditional ovepnservative assumptions. Mial (2013)
conducted fullscale VIM field measurements on a seubmersible and found that the actual
severity and persistence of VIM are significantly lower than those observedvirméidel tests.

They attributed these differences to discrepancies between thesvaldahd reaiworld conditions.

Zouet al (2014) highlighted another significant factor, noting that VIM tests often omit damping
contributions from moorings and SCR#iey found that the measured damping due to the platform
hull in tests is about 1/5 to 1/4 of the prototype damping when moorings and risers are present in
corresponding loop currents. VIM motion is a resonant-fimguency response that is highly
sensitive to system damping. An unrealistically lightly damped system can lead to unrealistically
high VIM resonant responses.

In practical field conditions, observed platform VIM motion amplitudes are notably lower than
those derived in laboratory tests. Steregbet al (2016) were the first to introduce an active
damping device for VIM tests, aiming to simulate damping contributions from moorings and risers
in a controlled manner.

6Keywpudat a ahalrysi s
6. 1 Overview

There are some key input data ¥iM induced fatigue analysis and OPB/IP fatigue analysis
undertaken for this study and highlighted in this section.

6.2Pr escr i lbwerdv evst M

VIM nominal transverse A/Dnominalin-line A/D, andnominal Yaw angle design envelope
curves as a function of reduced velocitiesearployedo calculate forced vessel motoiNominal
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Fig. 12 Prescribediormal and max VIM curves
Table8 Prescribed VIM Curves
Quartering Dire Head Directio
Redu Transv l#hine Yaw Transyv lfhine Yaw
VelO(NorrMaxNorrMaxNorrMa>Nor‘MaxNorrMaxNorrMa>
3.00.00.00.00.00.00.00.00.00.00.00.00.0a
5.00.20.30.00.20.512.10.20.30.00.120.61.0
6. 00.30.40.120.20.81.70.20.30.120.120.91.5
7.00.30.40.20.21.122.20.20.30.120.121.22.0
8.00.30.40.120.21.42.80.20.30.120.121.52.5
9.00.30.40.20.21.73.40.20.20.120.122.03.1
10.:0.30.40.10.22.04.00.20.20.10.12.53.318
11.:10.20.40.120.22.64.80.10.20.120.123.04.5
14. 1 0.20.40.10.24.67.30.120.20.10.14.56.7¢86
16. 1 0.20.40.10.26.09.00.120.20.10.15.58.0

transverse A/D onominalin-line A/D is defined asRMS (A) * ¢/D,i A0 st ands t he amp

of VIM motions either transverse or-ini ne and ADO i s tohthecaluUmar act er i
Nominal yaw angle is defined:®MS (Yaw) Ii¢,i Yawo represents the ampl it
yaw motions.

All prescribed VIM curves in this study are derived from model test results of previous similar
projects, incorporating active damping contributions from moorings and risers. It is assumed for this
analysis that fatigue damage calculations, which are piopal to stresses or tensions raised to the
power of three, may be slightly conservative when using nominal A/D curves. However, calculations
using maximum A/D curves are deemed excessively conservative and are not recommended for
mooring design purposes
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The pescribed VIM curves of nominal and maximum transverse A/D, nominal and maximum
in-line A/D and nominal and maximum yaws are summarized in bt illustrated in Figl2.

6.3Coef ficsl emdleemdnt s

The drag (Cd) and added mass (Ca) coefficients of the chain, polyester rope, bare sisekead
risers for analysis are highlighted as follows,

i Chain: Cd=2.4, Ca=1.0
1 Polyesterope: Cd=1.6, Ca=1.0
i Bareriser: Cd=1.0, Ca=1.0

i Strakedrisers: Cd=20, Ca=2.0
64Corroadil omwances

A corrosion allowance of 0.3 mm/year has been incorporated into the sizing of both upper and
lower chains. Hydrodynamic effects and weights are calculated based on tuerrated
dimensions. For mooring line fatigwalysis, 50% of the chain corrosion allowance has been
considered.

65Fri ccoedhi cilwretakanagn de s

The friction coefficients of both vertical and horizontal pins and OPB and IPB breakout angles
for this study are summarized as follows,
9 Friction coefficient: 0.07
1 OPBbreakoutangle:0.2 deg
1 IPB breakoutangle: 0.6 deg

7. Numer jarcall yrsd ssul t s
7.1 Overview

Numerical analysis results for tensitamsion (TT) fatigue are presented in Sections 7.2 to 7.5,
covering:

a) Wave scattediagram effects

b) Current distribution bins impact

c) Single events (10§ear hurricanes and loop currents)

d) Combined effects of OPB/IPB/TT fatigue

72T Tlat iggiuwva vec atdieargr am

The wave scatter diagram is detailed in Section 4.2, while APl TN and SN\¢urves are
discussed in Sections 2.1.1 and 2.1.2, respectively. TT fatigue analysis results are summarized in
Tables %a) and 4b), and illustrated in Fig. 12. The platform's design service life is 25 years with a
minimum safety factor of 10, resultimg a required minimum fatigue life of 250 years.
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Table9aTT Fatigues (ML#1 to ML#8) Wave Scatter Diagram: DNV SN Curve vs API TN Curve
ML 1 ML 2 ML 3 ML 4 ML 5 ML 6 ML 7 ML 8
Year Year Year Year Year Year Year Year

DNV 26,4 25,9 25,0 24,5 22,8 23,1 24,0 24, 4
SN cu

API
TN cu

10,6 10,4 10,0 9,86 9,15 9,31 9,64 9, 81

Table9b TT Fatigues (ML#9 to ML#16) Wave Scatter Diagram: DNV SN Curve vs API TN Curve
ML 9 ML1O0O ML11 ML12 ML13 ML14 ML15 ML16
Year Year Year Year Year Year Year Year

DNV 25,7 26,4 27,8 28,6 26,3 25,6 24,3 23,7
SN cu

API
TN cu

10,3 10,6 11,1 11,5 10,5 10,2 9,77 9,53

35,000

mDNV SN Curve

W NE
\ ML16 N l 12.58 ML /
\ 1256 30,000 ——| = API TN Curve

NE

ML13 NwW

M4 25,000

20,000

w E
— —
18.26 15,000

Fatigue Life (Years)

10,000
5 ! 5,000
K077/ SR T A \\EE
ML9 s || 1287 ML
Sw \K\ SE 0

ML1 ML2 ML3 ML4 ML5 ML6 ML7 ML8 ML9 ML10ML11ML12 ML13 ML14 ML15ML16

(a) Waveprobability distributions (b) TT fatiguelife, SNcurve vs TNcurve
Fig. 13 Wave probability distributions and TT fatigue life, SN curve vs TN curve

In Fig. 13(a), values in black boxes denote wave probability distributions, with the highest
probability observed from grid Southeast. Table 9a andl®hg with Fig. B, show that the lowest
fatigue lives for mooring line #5 are 22,805 years and 9,159 years according to the DNV SN and
API TN curves, respectively, both well exceeding the required minimum fatigue life.

73T Tlat i yiwceu r rde rsttiroinb ubti n s

Current distribution bins are detailed in Section 4.3, and the prescribed VIM curves are
highlighted in Section 6.2. TT fatigue analysis results are summarized in Tafdadd 1(b),
and displayed in Fig. 13.

In Fig. 14(a), values in blackoxes depict current bin probability distributions, with the highest
probability observed from grid Southwest. Table&Land 1@b), along with Fig. 4, show that the
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Table10aTT Fatigues (ML#1 to ML#8) Wave Scatter Diagram: DNV SN Curve vs AP| Thirve

ML 1 ML 2 ML 3 ML 4 ML 5 ML 6 ML 7 ML 8
Year Year Year Year Year Year Year Year

DNV 4 18 4.33 4,50 4,56 1,75 1,81 1,88 1,91
SN cu
AR 1.67 1.74 1,81 1,83 703 729 758 768
TN cu

Tablel0bTT Fatigues (ML#9 to ML#16) Wave Scatter Diagram: DNV SN Curve vs APl TN Curve

ML 9 ML1O0O ML11 ML12 ML13 ML14 ML15 ML16
Year Year Year Year Year Year Year Year

DNV 3,51 3,46 3,33 3,21 2,05 2,13 2,21 2, 24
SN cu
AP 1,41 1,39 1,34 1,29 827 858 891 903
TN cu

6,000

NW NE
\ mDNV SN Curve
SN 5,000 [—| ®APITN Curve
ML13 NwW NE [ s

4,000

©
I
(D
g L]
w E £ 3000 | 1
— — i
20.84 117 % I I I
= - [ |
[V

2,000 I I I

M2 | sw s | M5 1,000
7 N 111
%lwg s T M8 \?\{\ ;’:O o LME _NE BU N 7'7' 77777777 I NI

ML1 ML2 ML3 ML4 ML5 ML6 ML7 ML8 ML9 ML10 ML11 ML12 ML13 ML14 ML15 ML16

(a) Currentprobability distributions (b) TT fatiguelife, SNcurve vs TNcurve
Fig. 14 Current probability distributions and TT fatigue life, SN curve vs TN curve

lowest fatigue lives for mooring line #5 are 1,750 years andy@@8s according to the DNV SN
and API TN curves, respectively, both above the required minimum fatigue life.

Comparing Tables(8), 9(b), 10(@), and 1@b), TT fatigues due to VIM motions are significantly
more severe than those due to waves.

74T Tat i gisiengelent s

Single event fatigue assessments were conducted to validate the robustness of the proposed
mooring design under 10@ar hurricanes and 18@ar loop currents, as outlined in APl RP 2T
(2010). The criteria include ensuring that taculated damage from each single extreme event
does not exceed 10% of the allowable ldegn fatigue damage and prohibiting the combination of
single event damage with lotstgrm fatigue damage.
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Table11aTT Fatigue Damages (ML#1 to ML#8)100-year Huricanes: DNV SN Curve vs API TN Curve

ML 1 ML2 ML3 MLA4 ML 5 ML6 ML7 MLS8
1/ ye 1/yellye 1/ye 1/ye 1/ yellye 1/ ye
DNV SN 8. DB 6. ®65. DE4. ®65 6. 92 8. DB 9. ®B 1. DB
APl TN 2.0EB 1.0DEBE1.49B1.DPB 1. DB 2.0B2. 9EB2. 9B

Max all 'y op 1. 0R1.021. OR1.0R1.0R1.OE1.OR
damage

Me et de
criter

Yes Ye s Yes Yes Yes Yes Yes Yes

Tablel1lbTT Fatigue Damages (ML#9 to ML#16Y100-year Hurricanes: DNV SN Curve ¥ TN Curve

ML 9 ML1O0O ML1] ML12 ML13 ML14 ML1t ML16
1/ ye 1/yel/lye 1/ye 1/ye 1/ yellye 1/ ye

DNV SN 9. b 7. ®656. PES5. HE 1. PEBE 1. DA 1. ®B 2. DA

API TN 2.9 1. 9B21. ®§E 1. OB 3. DB 3. DB 4. 9B 5. DA
Max all 4 op 1. 0R1.0E1.0R1.0R 1. 0R1.0E1. OB
damage

Mee't d ¢ Yes Yes Yes Yes Yes Yes Yes Yes
criter

Each single extreme event involves ramping reaching peak, and rampidgwn phases, as
detailedin Sections 4.4 and 4.5. Fatigue damage is calculated for each time interval of the event and
then aggregated. The analysis primarily considered the worst heading:

1 For 100year hurricanes, the wave heading assumed was fro@riti&outheast.
9 For 100year loop currents, the current direction analyzed was fro@tigeSouthwest.

7.4.1 TT fatigues i 100-year hurricanes

The single event of a 16gear hurricane, lasting 48 hours and encompassing associated winds
and currents, is detailed in Sexti4.4. The fatigue damage results for TT (tens@msion) are
presented in Tables (& and11(b) and illustrated in Fig.4.

According to Section 2.1.4, the minimum safety factor for TT fatigue is 10, and the calculated
damage from each event must eateed 10% of the allowable lotgrm fatigue damage. In Fig.
15(a), the red horizontal line signifies the maximum allowable fatigue damage-Q2)0E

From Fig. B(a), it is evident that the highest fatigue damages for mooring line #8 ar& ha&
2.9E3 per DNV SN curve and API TN curve, respectively, both of which fall below the maximum
allowable fatigue damage threshold. The breakdown of fatigue damages for mooring line #8 is
depicted in Fig. 1), highlighting that the fatigue damage from Bin 13 (esenting peak
waves/winds/currents, see Table 5) predominates and governs the overall fatigue assessment.

7.4.2 TT fatigues i 100-year loop currents
The single event of a 16@ear loop current, lasting 252 hours and including associated winds

andwaves, is detailed in Section 4.5. TT fatigue damage results based on normal VIM curves are
summarized in Tables (& and 12Zb) and illustrated in Fig. @, while TT fatigue damage results
based on maximum VIM curves are given in Table@)land 13b) andpresented in Fig. 16.
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Table12aTT Fatigue Damages (ML#1 to ML#8), Normal VIM Curves, 4@@r Loop Currents: DNV SN
Curve vs APl TN Curve
ML1 ML2 ML3 ML 4 ML 5 ML 6 ML 7 ML 8
1/yel/ye 1/ye 1/ye 1/ ye 1/ ye 1/ ye 1/ ye
DNV SN (2. 2B42. B2 . 0®B41. 9®41. 8@32. 0@®:z2. 2BZ2. 4@3
APl TN 5. 60/45. 4®B:5. 1044 . 944 . 5A:5. 0B:5. 50426 . 03

Max all 4y op) oeE1.0R1.0RP1.0R1.0R1.0R 1.0R
damage
M:reitt gre Ye s Ye s Ye s Ye s Ye s Ye s Ye s Ye s

Table12bTT Fatigue Damages (ML#9 to ML#16), Normal VIM Curvesl00year Loop Currents: DNV
SN Curve vs API TN Curve

ML9 ML1(C ML11 ML12 ML13 ML14 ML15 ML16

1/yel/lye 1/ye 1/ye 1/ ye 1/ ye 1/ ye 1/ ye

DNVMSN cu2. 8B43. 2@:3. 5M43. 9®42. 0®:1. 9®:1. 8®GI1. 7®B3

APl TN 7. 1@®48. 0®B:8. 9149 . 845 . @34 . 8B:4. 6B:4 . 303

Ma x all1.@[21.@E1.{IDI21.@[21.@21.@91.@[21.@[2
damage
Mcereitt (Sre Ye s Yes Yes Yes Yes Yes Yes Yes

1.0E+00
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1.0E-01 H %\ 8.0E-04 -1 MAPI-TNCUNVE  |-ccmm e M e

9]
= >
s )
> @
S 1.0E-02 = ) 6.0E-04 f==mmmm=mmmmmmm e
" =
o [}
j=2} jo2}
E <
< 1.0-03 FRF-RE-RF -0 -0--0--0-----00-40-40- 10 - 4 - % 4.0E-04 |=-==-c----ommmmmmeoo oo -1-
o [a}
] ]
3
2 S
® &
W 10e-04 (B--§--F--F--------------"8-§--J - J- -~~~ LL 2.0E-04 |=======c---mmcmmmmmmmmemm oo

= DNV-SN Curve|
APl - TN Curve
1.0E-05 0.0E+00 _ |
ML ML ML ML ML ML ML ML ML ML ML ML ML ML ML ML Bin Bin Bin Bin Bin Bin Bin Bin Bin Bin Bin Bin Bin Bin Bin Bin Bin Bin Bin Bin Bin Bin Bin Bin Bin

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 123 456 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25

(a) TT fatiguedamages$ 100-yearhurricane, (b) TT fatiguedamagebreakdown®f ML 8 - 100-year
SN curve vs TNcurve hurricanes, SN curve vs TNcurve

Fig. 15 TT fatigue damages in 16@ar hurricanes and TT fatigue damage breakdowns of ML 8 SN «
vs TN curve

As elaborated in Section 7.4.1, the red horizontal line shown in Fi@) t&presents the
maximum allowable fatigue damage (1-0E). From Tables ¥3) and 1Zb), it is observed that the
highest fatigue damages of mooring line #8 are 233iBd 6.06E3 per DNV SN curve and API
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Fig. 16 TT fatigue damages in 16@ar loop currents, Normal VIM curves and TT fatigue dam
breakdowns of ML 8, SN curve vs TN curve
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Fig.17 TT fatigue damages in 18@ar loop currents, max VIM curves and TT fatigue damage breakd
of ML 8, SN curve vs TN curve

TN curve, respectively, both of which are below the maximum allowable fatigue damage. The
breakdowns of fatigue damages for mng line #8 are shown in Fig.6{b), where the fatigue
damages from Bin 10 and Bin 34 (as defined in Table 6) are the highest. It is noted that the highest
fatigue damage bin does not correlate with the highest current speed due to its reduced velocity
being outside the lockn region.

From Tables 1@&) and 13b), the highest fatigue damage of mooring line #8 is 7-BpEr DNV
SN curve, which is also below the maximum allowable fatigue damage. However, mooring lines #5
to #8 and #13 to #16 all exhibfatigue damages above the maximum allowggleAPI1 TN curve
failing to meet the requirement. Breakdowns of the highest fatigue damage fangriowr #8 are
shown in Fig. 1{b).



Mooring chain fatigue analysis @ deep drafsemisubmersible platforén

Tablel3aTT Fatigue Damages (ML#1 to ML#8), Max VIM Curves, 3@ar LoopCurrents: DNV SN Curve
vs API TN Curve

ML 1 ML 2 ML 3 ML 4 ML 5 ML 6 ML 7 ML 8
1/ye 1/ye 1/ ye 1/ye 1/ ye 1/ye 1/ ye 1/ ye
DNV SN 6. 5B46. 3MW46. 0QL45. 7B45. 2B:5. 886 . 4B27 . 0®B:

Max ally op 1 or 1.0 1.0R1.0R1.OR1.0R 1. O0R
damag:
Mc?reittgr Yes Yes Yes Ye s Yes Ye s Yes Yes
API TN 1.631.50z1. 5mM31. 4B:1. 3MWz1. 42z1. 6@z1. -2
Mee_t d Yes Yes Yes Yes N o N o N o N o
criter

Table 13b TTFatigue Damages (ML#9 to ML#16), Max VIM Curvés]100-year Loop Currents: DNV SN
Curve vs API TN Curve

ML 9 ML10 ML11 ML12 ML13 ML14 ML15 ML16
1/ye 1/ye 1/ye 1/ye 1/ ye 1/ye 1/ ye 1/ ye
DNV SN 8. 26B49. 3@41. 031. 100:5. 9M:5. 66B:5. 3B:5. 0M:

Max all, gp 1 0op 1.0 1.0R1.OR1.0R1.0R1.0R
damag:
Mcereitte?r Yes Yes Yes Yes Yes Yes Yes Yes
API TN 2. 0®B3F2. 3®z2. 5B32. 8¥z1. 4Bz1. 4Qz1. 304z1. 2072
Mee_t d Yes Yes Yes Ye s N o N o N o N o
critert

Further discussions regarding mooring fatigue damages from the single event ejeaf Gibp
current are highlighted in Section 8 Discussions.

750PB/ ITHBd mbi ned f atigue

7.5.1 OPB/IPB moments at chain links #1 and #3

According to BV Guidelines (2014), it is recommended to model the top 20 chain links
individually. However, for practicality, modeling the top three chain links individually is deemed
sufficient, while the remaining 17 clmalinks can be represented by a single equivalent element.
This approach is applied to mooring line #5 for a specific fatigue bin from Southeast, where Hs=2.75
m, Tp=8.0 sec, and the corresponding probability is 0.746%.

Figs 18 and B illustrate segments of the time series of OPB/IPB moments at Chain Links #1
and #3, respectively. The standard deviations of OPB/IPB moments at Chain Link #1 are
approximately 5.1 and 6.3 times larger than those at Chain Link #3.

From Fig. B, it is evident that OPB moments remain "flat and constant" between approximately
3,100 sec to 3,150 sec and from 3,250 sec to 3,270 sec. This suggests that the horizontal pin
connecting the latch housing and main housing (as shown in Fig. 1) reaches the slidinglimitment

(Ea. (5)).
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Fig. 18 Sample tme series of OPBnoments athainlinks #1 and #3
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Fig. 19 Sampleime series ofl PB moments athainlinks #1 and #3

In contrast, Fig. 2 depicts IPB moments with different response characteristics, showing
relatively frequent oscillations without any "flat and constant” instances. This indicates that the
vertical pin connecting the main housing and OVT foundation (Fig. 1) does not reaslidthg
moment limit.

7.5.2 6-DOF motion amplitude spectra at OVT #5

To explore the interconnected dynamics between the 6 degrees of freedom (DOF) motions at
OVT #5 (Fig. 4) and OPB/IPB moments, amplitude spectra ofh®B motions at OVT #5 have
been generated and are presented inZeig.

As stated in Section 5.4.1, pekter rope was utilized, and its stiffness characteristics vary
significantly. The stiffness ranges from 10 times the minimum breaking load (MBL) for static
installation to 20 MBL for loop currents mooring analysis, and up to 30 MBL for calculating eéxtrem
mooring line tension. These variations affect the natural periods of surge/sway and roll/pitch/yaw.
Interestingly, heave natural period remains largely unaffected.

As an example, the platform natural periods with a stiffness of 20MBL have dieen
Sume/Sway: 125 seconds; Heave: 22 seconds; Roll/Pitch: 35 seconds and Yaw: 65 seconds.
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Fig. 20 6-DOF motion amplitude spectra at OVT #5

Surge and sway motions (Fig€Xa) and20(b)) are predominantly influenced by lefrequency
components. Located away from the platform center, OVT #5 exhibits noticeable vertical motions
induced by roll and pitch (Fi@0(c)).

Variations in mooring line tensions are significantly influenced by sargk sway motions.
Simultaneously, heave, roll, pitch, and yaw motions are affected by changes in mooring line tensions,
primarily driven by surge and sway motions. These coupling effects are evident and captured in the

analysis.

7.5.3 OPB/IPB moment amplitude spectra
To investigate the characteristics of OPB/IPB moments, amplitude spectra of OPB/IPB moments

at chain link #1 of mooring line #5 have been generated and are illustrated inLF&everal
observations are highlighted below:
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Fig. 21 OPB and PB momentamplitude spectratchainlinks #1of mooring line #5

1 OPB moments exhibit significant leflequency components induced by roll, pitch, yaw,
and surge/sway, consistent with observations inZi¢g)

1 IPB moments show a similar distribution of wave frequency components due to incident
wave energy, along witloWw-frequency components induced by yaw, as seen irRE{)
However, IPB moments contain noticeably fewerHogguency components induced by
roll, pitch, and surge/sway compared to Eigy(b).

1 Both OPB and IPB moments at chain link #1 of mooring lise (Big. 20) clearly
demonstrate coupling with the@BOF motions at OVT #5 (Fig0).

7.5.4 Sample calculation of the combined stresses

I n Section 2.2. 3, the document describes hot
stress concentratidiactors. Section 2.2.4 presents the formula used to calculate combined stresses
for the selected sample bin. This section also provides abgtefep procedure for computing
combined stresses afespdctively spots A, B, Bo, and C

At hot spot A

. @0 . Y, > Al

A o Y, Oy, > A2

At hot stpod sCB, B

Y, o Y, A oY, - "p 10 "p8d 10 #p

y, w0 Y, aY, WYy, - "¢ 10 "¢d 10 #c

Y, o Y, A oY, - "o 10 "o 10 #o

Y, o Y, @Y, A - "1t 1TO0 "186 10 #1

Ti me seriescofmbt hedf attesedandt ChbavepbésnApl B
di spl aye2anidn croirgp.eslonding standard deviations
Table 14.
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Some observatiaoes higbomi ghged22as foll ows,

1 Stress Magnitudeshe magnitudes of factored combingdesses vary significantly at
hot spots A, B, B6, and C, with the highes

1 Response Characteristicte response characteristics of the factored stresses at hot
spot A are notably different from those at hot spot8 B,,  aAdditionélly, similar
response characteristics a2by) acbsde rBR2e d Ba2nma n
(Fig.2(c)) , but these differ signifi2dpand |y fror
B4, B46,2ep4 (Fig. 2



