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Study on the Mooring Stability of Floating Dock
with Ultra Large Offshore Structure

Seungho YangT-Jinwoog Cho - Hyunjoe Kim-Booki Kim
Samsung Heavy Industries

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons,org/licenses/by—nc/3.0)
which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

Mooring stability of floating dock for construction of Ichthys CPF (central processing facilities), an ultra large offshore structure,
was studied, Normal and typhoon conditions were considered for mooring analysis, There have been changes in construction
stages of the CPF as project progresses, These changes were reflected on the mooring stability analysis for both conditions, In
order to secure the mooring stability of the floating dock for Ichthys CPF under typhoon, maximum loads of mooring chains and
maximum offset of the floating dock with Ichthys CPF were examined, Also the shapes of the catenary mooring were investigated
to check interferences among mooring chains, As it was confirmed that the mooring loads were within SWL (safe working load)
of mooring chains and underwater sinkers, the mooring stability of the floating dock for construction of Ichthys CPF was secured,
By achieving security of mooring stability of the floating dock, it is assured that Ichthys project is on its way to success,

Keywords : Ichthys CPF(0|X|A CPF), Floating dock(Z228 £3), Mooring stability(AlFoFA)

1. A 2 E(condensate)& 7K U= A2E  FIIECEH (Inpex
Corporation, 2013a).

O|x|A Z=of FUE sHAMMH|ZE Fig. 10l Hol= Hiet 2
O, CPFe} FPSO, 2|2 #FH2 URF(Umbilical, Riser,
Flowline) 2 £ MH|S0| A20{ CPFoflA] MAL XE[= 7|A
= 885 km Zol2| aiiA mo|Z2IRlE S |4 NG EHE
(ZF CRRIA A1) 2 R&EICE QBIA(inpex)Aks 12 102F Y
Ho| ZHIMO|ER} o47F MMTIA 8002t &, LPG 1602F E2
MAs 220t ek SXjofl 3= Al=lel Hez dex Uct

O|X|A CPF= HFEA| sl Z=E(semi—submersible unit)
2 MRFZZ(topside)2 013 Jlel ZEEE TA=0] HEE

E[Z M 30f OllLAX| Akpdof Shtel HMATIAT} MIA| of|LAX]
AlEolM RiXSH= BIE0| FES| S7F5t ATk 53|, ofrlof
X9e S22 eIt XEHoz S=1 e Th=H, g%
O = Of[L4X| 2H|Z0[ ZoKK|= FME 2 A2 Z of kst 9l
Ct (BP, 2013).

o[2Agh oX| 2H| FAMlet St23 =M HATIA AlFe|
2ot &R Rlon, A AV £ STk 4= F2 4
welAEe sfeiad THdol et FAIZ oloX|Z RAct

<

(Chun, 2014). 2yl & 120 £2 42 MO RSt T3 0X|A CPF
O|X|A CPF(Central Processing Facility) Z2ME= QAE = 7H2] HEA mooring line) =02 TAE! 287H (TEA*4)2

elidelot Ci2el HAMR oF 800 km, 2Fe] 55 eF 440 kmoll  y=Al2 olgsjof ofxla TEof AMxE AHEolC (Inpex

2IxIsH U= OIX|A EE(field)E W5 | 25 AR=RJCE O] Corporation, 2013b).

*A ZEE T 74e| {8 (hydrocarbon reservoirs)2 71X QU b, O|X|A CPFIt HZxEE MEESY HM=MAE= IS

o, 12x UYI|E o|Me| Mei7jALl ok 5 Hfjzde| ZHIA(0| o| L§5O0| ofM=l= X[dof| IXIsH RUACE. h2fAM, ol2{eh Bk
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240l Cifgt Olx|A CPF 4% 5 4
R 200341500 4% ofol= olsl FzALel AEsRte 25
R| 23 MEtS0| AT 5 RASIE ADE Pol0 2 248 ©

2 v} 2/Ck (Na, et al., 2004).

TURE R55)

FLOWLINES

sfgaEne

MOORINGS

Fig. 1 Ichthys field associated offshore facilities and
underwater URF infrastructure (courtesy of
Inpex Co.)

Park et al (2011)% AlFde| EH‘_*

Z=1
0243 P01 C =4

2 e
O|X|A CPF 4= &, CPF E‘IH = 3.°| 71| O Mof| Cf
gt gelolct, ot ofzl, dFzmlel A Z2ME MIAR
2 Ho{Eo2M & AL ZAlof st
AIXEE 282 5 JALF StIX} SIct

2 =20Me ZRAXZ(normal  condition)Zt  EfEEZA
(typhoon condition)oll CHet AlFHME S, 2 siAdz=7Hol|A]
o AFHIE 2o AF=Hz}t CPF A Z28 £32| #[0)

LEMI(offset), AFHCIE Zte| ZHI0{FE HESIIA} 51
of=224, CPF EfXf E2E T39| HFOIA EloIxieio] 2
2 $ETAHunderwater inspection)& Td35I¥ 0, 1 As

220 2085120
2. O|x|~ CPF B 228 T3
2.1 B34 sjdexs A= ©8 E2 &3

Mer 8l 274 slFEE XS 2ol =2jo] =35 0l
U, 229 38 0|-§-3ff 2Ol AT F T
2 27t Yol 2len, =2jo| 235 ol8Y 4, =3 U
SfFxE Hx &= 2 M 2 AU FEol At (Oh
g 38 o|8e 4% 228 =3 °|01|A‘|
E2Z(float-off) PAS 01&510{ Zl=sA| Elct
olf E2E 2= £ A AZTxE1| 515 ZE2E £3 A
2lo] Ati2Sol| thet "ot 5 o8] 7KK 7|eX HIe=ES0|
ZQsict ot ofzl, E2E =3 ATt shtel A of
TZ2017| 2ol = F ehgelHol| ot ERY =3 A9

N

2Eo= olst 2uAl| of2iST} AxTx2e| B1E0] o3t 5
28 T30 T So| 9IE0| Exfeict

O|X|A CPFe| A=oll= 0| 2k 110 m 2 2882l H=e}
HISHZZ 2] AEESoIM Rt Qe sligtxEs T
8 Z=28 T3(offshore floating dock, 0I5 OFD)olIA ZA=S
2 UAck

Fig. 2= 39| EFR o|A(tower deck) 2[ollA] o2l
El3 main deck)% HR2IZ2 A2 252 20ECh

ol

Fig. 2 Actual offshore floating dock of SHI

Table 28 3o FeXS LIEkCE E2E £3

= Zolet iOI 212+ 150 m2 MARYE 2l3ig JHRIct E2Y

39| H|=(deck) floil= MZn| WakoZ Aol AR 7|F
(square column) &efie| Efgl d|37} Uk

510

ChstEMels|=2%] X652 ® X6 = 2015 12&



Table 1 Main dimensions of offshore floating dock

[tem Dimension

LBP 1563.6 m

Breadth 149.7 m
Depth 8.0 m

Height of Tower Deck 235 m
Operating Draft 7.0m

2.2 = 774 sieF == 0lx|& CPF

£ silgEx=Ee| 37|29 fAZE S4s| A= FAol A
C} (Korea maritime institute, 2015). O|x|A CPF= A S 12
o E2 @8 AoZ oi=ls Uy FR4 sidTE=E2ZM 4
7H 9| EE(pontoon) =} 4712] Z&(column)E T K= HEREA! 5
Z=0|cl. Table 2= O[X|A CPFe| FMlS LIERNZECE

Table 2 Main dimensions of Ichthys CPF

ltem Dimension

LBP 110.3 m
Breadth 110.3 m
Height of Column 36.1 m
Height of Pontoon 11.9 m
Operating Draft 26.0 m

Fig. 32 tdS3Y AHMZMA Holl TAIS
2¥E EoiECL

ol O|x|A CPF

Fig. 3 CPF model on display in Samsung Geoje
shipyard

2.3 O|x|A CPF Eif| 228 3

Fig. 4= OIX|A CPF &M 228 T3 ofM=ES LIEkACE

O|X|A CPF= %E%' T3 2o EYHE J|FHMoz o A=
—.—A-|o{| 2zt , =

= 7.0met 7.5 mE 7|EETE 510] WA E(ballast)ZHS
ZH™35l0{ 55 2| =k

Fig. 4 Hydrodynamic model of
floating dock

Ichthys CPF on

3. AFER H AFAILE

Asiziol BR4| SUTEBe| DRl HFel Zeole A
FAS IxE0| 9F distoz XM MRSk AT E AR
(spread mooring)S k1| =lct, a2Lt, of= W E28 =3 Al
Fol Z<olles of= W HIHS SM olF S5 135l 7 x=

HELZ Holg MAsH| =t AMEZId0| ERES sk
ZE = T8 ER

|'D:
ol

mo
_II)I-

8 £39| ARAIARS 12702] XM AF
Helg 7K e 22 £3°| WE2=Z MR|=0] Ut
EfE=ZoilM S22 T39| HleaRolMol oY SEE 9

of FIHCZ ARZZE 0[ZSINCt Table 32 AFA lnt A
FEZO| AltS LIEKHTE

Table 3 Specification of mooring chains

SWL*

Category | Specification (Intact/ MBL * *

Redundancy)

. 132 mm, 662.8/

Chain R3 grade 926.9 ton | 1020 ton
112 mm, 102.7/

Rope Nylon 159.4 ton | 228 tON

SWL* : Safe Working Load

MBL** : Max. Breaking Load

ﬁl%ﬁ'ﬂ?_lOl ?_171 |: oz I: 7_(-||°| 'I:':'l’_‘]H(Stopper) ’.3”

- oE_C T
X A sinker)—Ol HZ=CE Fig. 52 ks SEfo| s A
7 &S 20iFECL oM AH= A AFHE sliXol| =
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= HZH=|A C}.

Fig. 5 Horseshoe shape of underwater sinker

Fig. 62 ENE=71 O[X|A CPF B E28 T3 HRHIX|T
LIEFACE ol 24T U ZHd= S Of2] 78K Hglofzds
25101 Al FAL B[} OIFOIRCE ARA QIS vixl= ol
ool A ?“:E Mi WA TS =0 2120
e TNt SN 77 HAE=(0f
. HA A 75.*04 ._-l% F|g. 62| AFHHX|=oIM HREZI}
A= AlFLE 7t =t

o K

£0 0 0

ooz
0L
E
n£
II
0@
Hu
N

0
rir
>
Oi
AN}
1]
HU
om 11
|-r|
[l
|0

5 o o

Fig. 6 Mooring arrangement for typhoon condition
(top view, blue dotted lines — mooring ropes,
black lines — mooring chains)

4. x4

2 oAFoME  sHAMETE MOSES(Multi-Operational
Structural Engineering Simulator) Z23#E 0| 23I%iCh

MOSES =232 s 2x=2| AX|Ho{F 1t x| Z0lof|A
H MAMeZ J1E sk A== Z2Oo|ct 9,

274 sl z=e| oA R 2ololiA= Optimoor2t EHA|
JF Bleisp| ARESE|1 Uck MOSES Z2OM2 2SsiM
(gobal  motion  analysis)S  Iet 3R AEHEM}
(diffraction/radiation) 2ol tist sHAZES 7IX|D e,
WAMIT S2| Fal=25} s M(hydrodynamic analysis) M2
ofo| HIWASS Soll 1 MetTot & dB=0o Ut (J. Ray
McDermott engineering, 2000).

oHH, AT BRAel Fukrdd sjMg fEle o Uil
4, UMY IE Z/R2S0| ofsh 1124 E slof St of2{st
IHE 26l sieFxE AR HEX|IE(GL Noble Denton,
2013)0M = SHMFEE  siMulto| wE oA S(safety

factor)oll CHEH X|ElS MAlSHL O YHst=S sl %'EF %
|. S

—

=5
ks

AFoME AFIE EolM O|F0X|= B2 5l0{ o
7 ol MollM Mo == FHM(quasi-static) siAle MEste | ‘P_F
HMAE HakE](intact condition) 2.0, 0= A& (redundancy

check) 1.432 Z¥Zt & sict
4.1 2394

MOSES Z=zT2oM X3sk= 2SUEA2 ol 4 (1)2
2t

Ig+ Cq+ Kg=s (1)

047|A,

I mass matrix of the body
C: damping matrix

K stiffness matrix

q : displacement vector

s . generalized force vector

MOSES Z2a#oMe= F7Al siekt==0 285k &
2|24(generalized force)Zt 2} 71 2H QA-E9| ZHA(stiffness),
U2|(damping) S 018310 24! (1)2] siE i &
Ct. olmj, FoeEd shA{mt Al?_o‘l. 50| 7kssiH, 0{71M
FurYPA siMHE AIoIRIch FRAet HFAol theiA
H|oM siAlg s, AFAS0 tehMe E8MsHAM

TSI,

mo rir rIr

Fig. 4ol sfiAfoll ARSE ZtEA

= iy
EEAZE ARBEIL, HEAe| Y2 E2E £3°| Mo|F 8}
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stdelzo= izl m, =FIJL DHEQIch A2

360 o ek Alxzol CHell nadsife, digh miy, =F

rtgratol  xpk2 Al sdEez ikl =A

(collinear)22 1{3ICE SAZxH2 of= A A= H0|EE

EM=Z "“j?_F HACKMEE 7RIS HAESS Asiion,
= 7

BEEA (KMM, 1998)2 sliAof
ﬁ%op‘ﬂ} (Table 4). =THAL BYW2 |SSC AHEYS

ALEst
QCh 252 108 YOE4S siAgy=xzio= st
Table 4 Environmental conditions
Condition Wave Wind Current
Hs 0.84 m
Normal 30m/s | 1 knot
Condition Ts* 3.40 s
Hs 1.26 m
Typhoon 50 m/s | 1 knot
Condition Ts* 4.04 s

Ts*: significant wave period

O|x|A CPFO|l 225= E515 AMHS -°r|3H SSAE(wind
tunnel test) S ARUME7|ZolM THSIFCE S 26 me| 2

E%{(operation draft) 22t oj|2}, £ 15 moll siYsk= E2
I_

EQ= o|2e| ok4Y

ok E2~(quayside draft)oll thst ESAIET
ZH=[QIC} Fig. 72 Olx|A CPF ZSHAE 2HIS HoFC)

Fig. 7 Wind tunnel test for quayside mooring draft =
15.0 m (courtesy of Force Technology)

Ao 2 ZSAIY ZU2REH P2 E5kE ATE Zd1E
AP0l 21 ARBshe Zo| 71 HE =2 fAdnE Fot O
2L}, &2 odT0llA{eL 20 O|X|A CPFe| A=
oA o|R0x|1 E2F £3°| Alo| Fig. 22t Fig. 40A &
= Hiet 20| H|3 AF AEHol| Zojgkstez Elgf B3t
= 4%, ZSAEEREH PR Z5E ATE AY oiMel o
Ho=z AFBE‘ £ gl= O{3420| Uct wmElM, 07|Me 2ot
3?3 A5 AHSP| 2ol NAPA =238 S5t
2 (wind mode|)° 0|83ICE NAPA T2
Mek gl Y= 7| 7|2EAE ¢

Tx2o| A Hjx| So| e E—H ofx

x
rir
i
HU
om
H

ot = e X210

2o
3o El9l o3 Yaks _T'_E15P04 tc'i?;“jé

dejgh 4= Aok 2, dErediME Halet 5k Atk 2
of TEFAL| e, TEFAIE /AR X[l oAl

sek Solpis S Dafsiol IUUSIEE HAISED o
(DNV, 2013), NAPAOIAE MZTololIA HAISH titin} S2ush
upioz ESou2io| O|R0AIC Fig 82 & 70| X8

NAPA ES2E S LIEKHCE

rm

Fig. 8 NAPA model for the prediction of wind load

Fig. 92 SSHAEES Soll ¥2 SIS A2t NAPA &
2HoiM ek 3K ASE |wsto] LERACE O|x|A CPF
A2 CPF B E2Y =3 ZHof Ao WekE ZsiE

A= AOIE 2 = Qlct
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-=-CPF(Wind Tunnel Test)
—CPF on OFD[NAPA wind Model for 2014)
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Fig. 9 Comparison of wind coefficients between wind
tunnel test and NAPA wind model (upper: Cx,
lower: Cy)

H

siAdoll HEE EotE HAS Table 501 LIERKRACE

of

Table 5 Projected area for wind loads

HFHele| &7 |o1x2 %‘ﬁléﬂ% 3H¢19| ‘?:!EJ.EE A OEP
Qch Table 62 AFACISS| =70

A Al 7|F0| Fle= ZT|01EE

Ofxlz AlEof w2} L E = HS5Hs0| =

Table 6 Pretensions of mooring chains

Chainx* Pretension
A1 22 ton
A2 22 ton
A3 22 ton
A4 22 ton
B1 20 ton
B2 20 ton
B3 20 ton
B4 18 ton
B5 18 ton
B6 18 ton
C1 20 ton
C2 18 ton

chainx: PZ|X|= Fig. 6 &=,

Fig. 10 Connections between floating dock and mooring
chains (upper: starboard, lower: port)

Projected Area
Normal
Direction Condition 2014 2015
. Projected | Projected
Projected
Area Area
Area
Longitudinal (Ax) | 7852 m? | 6279 m? | 7852 m’
Lateral (Ay) 7919 m? | 6604 m? | 7852 m?
Z3l52 4] (2), (3)2 ol8st0{ LHEICE
_1 2
F=1pCA471 3
y 2pA y‘ty VW
0{7|A,
p 37| L= (kg/m’)
C,.C,: Z5t3 A= (Zolwst By
A, A, FEEE (AZolt (v), Ay=gEt (7))
Vi 3% (m/s)
F, F, &t (N
514
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ARFIole] Mg ETlolmei2 2otz shoLldl w2t A AR
A2E Lol 7 ARARIS AR ARE siyPrBel 2
ZH0| a2 | =]7| w20 ARAIA shAlo] Yok 27|
oieio| Fe3t geiev} Hict
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Olx|A CPF Bl E2Y T30 et AlFeKiM Hopt
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S LIERHCE A Bk =740l
7= Ts=3.40 s Ts=4.04 sOAIE O|x|A CPF EHRY
20| Aol gigS & &= QUch Table 72 M
AN HFAQIS2| 152 LIEKACE M=m} A=
5l B1, B2, B3 AFAIQle] 5150| AltiH oz 2 748 LIEK
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Fig. 11 Motion RAOs of floating dock with Ichthys
CPF (heading=0°)

Table 7 Maximum tensions of mooring chains (heading=0°)

Mooring Chain Tension
Al 22.9 ton
A2 22.6 ton
A3 22.3 ton
A4 22.2 ton
B1 186.9 ton
B2 183.4 ton
B3 177.9 ton
B4 10.3 ton
B5 10.3 ton
B6 10.3 ton
C1 20.5 ton
C2 19.5 ton

Fig. 12= 2id=zof| st CPF &M Z22E =3 Z 2l

oI L b 360 ™ QUApdkelol| chsk (ol ol
=SS Zielodstzol  ohst B (maximum
tension/SWL) 2 LIERHACE 1270 4ROl 2+ HF olZ=0|
Aol Zielobx5iEo| 35% natez LIEKLT]

Maximum Line Tension

oo

.....

Fig. 12 Mooring line maximum tension for normal
condition

5.2 EfE=H

EfEx712| 22, AlFAQl ol ExMoz HFZEIE 0|
5lof HRAIARIS TMSIQCE Fig. 13 ~ Fig. 140l EfZ=74
ol chst AFalAl Z2E J8D} st =2 LIERAACE Fig.
140iM = HIe} 20|, O|X|A CPF B 228 T3 odZx 2l
1270 25 AFeIE=o| ol AdokHslEe| 65% olae| 2
weS HERH]ICE 53], A1 6liiM Azqet o=l AFRA 2l (Fig.
6)2| Z=oll= ZidorM5IEe| 0%l Stlsk= A9l Q1E=o|
LIERGEE 672] AF2=2| Z<oll= HZLIRIHZ Xfo|7t 27|
LIEKtn] ZdoistEe| [ 61.4%0A =2 33.3%7IX|
ARZEZo| 5i50| LIEIGCE ARZIZo| AR0ll= 2AZE Lo
7|E FxEael 7Ky A= S ofy] JIX| HEAEE 112{510]
AZLX|7} ZHEU7| 2o ARZE 4 Zolxjolof w2
ARZE 5t52| 2 Alo|7} LIEKt Hoz =olct
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Floating Dock.

Mooring Ropes.

Mooring Chains.

Fig. 13 Mooring analysis results for typhoon condition in
2015 (Vw=50 m/s, heading=270°)

Maximum Line Tension

100.0%

I noom

b
ooin. |l
n
L
1
0w

AL AZ A3 A4 81 BZ B3 B4 A5 B6 €1 I NYLOL NYLOZ NYLDD NYLOA NYLOS MYLOG
Line Name

Fig. 14 Mooring line maximum tension for typhoon
condition

E

M fSWL
$ 3 F 3§ 8

Table 80l CPF B EEY T39| =T} EfZEZZ0)A
o Aot Zus R2tslo LIERIICE EfE=712 20149
AAUSE e SIS HEol| e oAt 2016 2

S o] E5kE HEol| tiel s MZERE 725101 LIERRACE

Table 8 Summary of mooring analysis results for
Ichthys CPF on OFD

Environmental| Number of Max. Ten. (l\ézgu;jg'_ Env.
Condition  [Mooring Lines| (Intact)/SWL ney)/SWL Dir.
) 12 224.7/ 293.1/ R
Normal | NN | e | 6628 ton | 926.9 ton | 27°
Condition
(Vw=30m/s) Rope | - B ~ ~
Typhoon | Chain ; i ] :2288.2/ . 26:29.4/ 270"
Condition in .8 ton .9 ton
2014
5 83.4/ 86.3/ .
(vw=60m/s) | RoPe | cp | 102 7 ton | 159.4 ton | 270
Typhoon | Chain éi 652988'9/ 92862%'9/ 270°
Condition in .8 ton .9 ton
2015
6 83.4/ 85.9/ .
(Vw=50m/s) | RoPe | ) | 100 7 10n | 159.4 ton | 270

5.3 |okAkSt (worst case)ofl CHet &

- 042 ®A (redundancy check)

FehaElofMe| ST xEC| oMY SEE 2l ZUtAE
AlLf2| 201 ChEH siAfo] 2FEICH (GL Noble Denton, 2013). &
Aoz shte| AFAlQl mTHEE (one mooring chain
failure case)S Z|AAEO2 MMsIQICt ERZ 710l CHEH siA]
Zn22E z[f 5k50| Zel= sid AH Atof AZE AR
2l A2 MBI, EQMAKS AlLf2| 20 2} MERE] A1 X2l
0| Zoixl Ao =2 71Y5l0d shAls aSIICE

Fig. 152 A1 AF&(¢lo| Tkl =|okAkslof st siMZntE
LIEKACE A1 Holo| Tt Eloz olsf S wstoz 5158
X|x[stn U= A22} C2 #2le| 5150| S2s| BItets & == 3l
C} Zifordstzol ChHsh 2|tiskE HI23t0] AN HIsH A
Hxoz 2 LiEkt 242 2ok =M= 2
oflAM 1.4392 =lofX|A| =[7| w20 o= |
Z0| AX[A Ech x| SEERE ZHoM 2 o, Ak =

-

AR Eololl A0M= Z|oetd Z=2ollMT 90%

SH8H|80| HEKY | mhEof ekdet A
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Fig. 15 Mooring line maximum tension for one line
failure
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0| ZojX|= Alglo| LS| LTS AFMZER|E slof S Fig.
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Table 9= O|x|A CPF B 228 T3 20§ 2= gks
LIEKACE Safof o= 2 2o eHHIEL 20 m/sollA] xiZhet
1.56 m, ye&EOZ 125 m 2EAMO| oflAl=[1, EfE Alofl= x&t

&k 2.46 m, yarsF 2.15 me| 2=Mo| of Ak=|RUct

Table 9 Maximum offset of Ichthys CPF on OFD

Direc— Normal Normal Normal Tyohoon Env

tion (Vw=10 | (Vw=20 | (Vw=30 (VV\TESOm/s) Dir .

m/s) m/s) m/s) ’

X 083m | 1.56m | 1.95m 2.46 m 180°

90°/

Y 061m | 1.25m | 1.64m 2.15m 970°
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Me 2 2ZMolM Zhdol Llisk=s 2oz LiEfgCt Aol
A el B57F 2t=si| siMHe2 e SHE2R 2ol 2k
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Tkt = 50 ton O[T E H|Qlo| ZACHSES 662.8
tonoil st dtiXoz 212 Z{o[7| 2o 72t XEXez
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16 Mooring chain configuration at maximum
offset (upper: front view, lower: side view)
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Fig. 18 Underwater inspection of mooring chains
(upper: contact part of chain guide, lower:
center part of mooring chain catenary)
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