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RESEARCH ON DYNAMIC
CHARACTERISTICS OF FLOATING
PLATFORM WITH PARTIAL FAILURE OF
MOORING SYSTEM

ABSTRACT

With the development of marine resources towards deep water,
deep-sea supporting floating platforms have gradually become a research
hotspot and been of great significance to the exploitation of marine energy
and resources. Once the mooring system to fix a floating platform fails due
to the harsh deep-sea environment, it will affect the platform's motion
performance and safety performance. Therefore, related research has
important practical significance and reference value.

This paper uses the self-developed ship and marine hydrodynamics
CFD solver naoe-FOAM-SJTU and the mooring system solution module
naoe-FOAM-ms to simulate and analyze the movement of the floating
platform with the failure mode of the mooring system. In this paper, the
dynamic response characteristics and mooring system performance of two
platforms using two different mooring methods (taut and catenary) are
studied, and the effect of the integrity of the mooring system on the
dynamic response of the platform is compared.

This paper first studies the motion of a platform using a vertical
tensioned mooring system numerically. The natural frequency of the CFD
simulation was compared with the existing fully coupled time-domain
analysis results to verify the accuracy and reliability of the solver for
similar problems. Based on this, the effects of the external environment
(wave height, wave direction, and wind field) on the platform's motion,
mooring system forces, and fan system capacity were explored. The
higher-order components of the wave were considered to explore the effect
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on long-period motion(surge) . The flow field and velocity field
information are displayed in detail, and comparison is made with
fully-coupled time-domain simulation. After that, the effect of partial
failure of the mooring system on the motion performance of the STLP
platform was studied, and the impact of the mooring line breakage on the
motion of the platform under different sea conditions was studied. It was
found that for a mooring line break, the stiffness of the mooring system
becomes smaller, the platform's is harder to keep its position, and it will
drift along the wave direction, but for a TLP platform, effect on the
out-of-plane motion is little due to its own characteristics; after one
mooring line breaks, the tension of the mooring line of the same pontoon
has increased significantly, the tension of the mooring lines on adjacent
pontoons has also increased, and the tension of the mooring lines on the
opposite side has decreased. After a mooring line breaks, the nearest
mooring line may have a potential danger of breaking due to the increased
force, which may cause the mooring line to break in succession, causing
greater danger.

Later, this paper builds a model of a semi-submerged platform by
reference to physical experiments, and simulates the mooring system of the
platform by using the catenary mooring model. The effects of different
wave incident angles (in head waves and in beam waves), different
mooring methods (grouping and distributed mooring), and different lying
bottom lengths on platform motion performance are explored. It is found
that distributed mooring is more beneficial to limit transverse motion, and
the longer lying bottom section can effectively reduce the mooring tension.
On this basis, comparing the dynamic response of the platform under
failure mooring system in different conditions, it is found that after the
semi-submerged platform mooring line breaks, the tension on the adjacent
mooring line is obviously increased, which may cause further damage.

The conclusion above provides the idea for the remedial measure after
the partial failure of the mooring system. Finally, the extension of the
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remaining mooring line from a certain time in the case of the failure of the
mooring system is studied. It is found that in this case the tension on the
remaining mooring lines can be reduced, so the relaxation of the mooring
lines and the increase of mooring length can be used as a measure after the
partial failure of the mooring system. The relevant calculation methods,
ideas and results of this paper can provide reference for engineering

practice.

KEY WORDS: failure of mooring system, motion of platform,
naoe-FOAM-SJTU
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yl]mMmum (t)e + a Elmuzn (t)e + Igymﬁ’mum (t)e - /’ljmqmn (t)en = fin
(2-35)

1 ~
Eﬁi]’muinujn = 5 {Tm + 21081+ Vi) } (2-36)

X TS AR AR, A8 Newmark-piA AT 15T
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2.4 HhESMIE TR AR
T EAR SO R B AFAE IS B AL, 75 BT B3 XU AN 7 A A SR I 485
R BT s R . TP & s shii A ARz 3 4 K, ML
THESM, EFF T naoe-FOAM-SITU R &, AR ARSI A E A
Y E KA, PSR ST IR, RIS OREEREAS PIA% T A 5 A AR
RS T R TR B PR IR BRANAR o 38 I SR AR A b7 1777 A% AT LAAS 21 A& 5 R AL B
V'(Wxg)zo (2-37)

" " 1
Hrr, X, @R, YE2HREERE: r=5.

Forpr r R O SR AL A EE

2.5 KENG
K IR SO AE B R R R R H N T
naoe-FOAM-SITU K28 H [ A 5 #2, 454G VOF 77k, XHmss+ iy
FESE N — RAH TR AT B L, 4 A PISO J7 VR I 9 B R PR 74T iR
R, T SEEICHEE AN B [8] 25 (P SR A, 38 810 A SC i) 78 ) BB AL ) H 19
HIRNH T AR EAEIE R S5 T, B waves2Foam FJ T B4,
MR A SO TR R B SR, ] E ST A B R P IR .
SRIEAZB T S R GRS R G TRV (SRR T, LR T R
S BEOME: . SRR ARG R ITHE)  FE0 SRR BT T R
BRItz Ak, IBNA 7B EH SIS EER R, 8, KBENER
5 SRR AR B TR T B AT (Al
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FE=F kXX RAXHEAL TLP SRR
ZE e B ERRTU

AN BT R KWL AT S A BRI st Re, 2 G KER
XARHRG . HOMEBERR, AT H BR=REE, N2 a0 T Giashifhe
B AT N 2R SRR EAN IR T 70 BRSO VA AR S e S AR I AR ST o0 SR K
HIfE oL T & fiazhma B, s b, B TR R Gt e B AN SN TS T
BIKBNFIPEREMIM . TR, A FRE XML AR ST KL E D ok RS

3.1 HERBIE

3.1.1 MAEAFEESERAME

AR FE S Han YEOSE NIRSCHR, WXL RGERLHE— AN /K T S0
P& STLP, —/MXML (NREL-5MV) BI85 JUxf ok B 50 R4 88, KN R G0R
EEWE 3-1 fin. HA/K R34 FH STLP (submerged tension leg platform) [1]
REAAN ] 3-2 Fras

Zra O AN EEAE KPR MRER . BRI G123 1)
W RG L ESHWNK 3-1 P, &2 Wl A —4, M RPEFE Y
MNEEFEE NZIMU, STLP ¥ & FESHWEK 3-2 fon, A TiHERGEE
Z4, NREL-SMW RWLEFEZESH WA H . FEWHRZASCHT XL
SRIE ERZE R, KALRGEAA T B HERE . PRI &5 ST e
AR, HAb S 45 Han SCHERBOH 1% B IR FF— 2.

|I
Mooring line3&4 \‘ ¥ Mooring linel&2
prtll] 1 e

AN

i -
Mooring line5&6 \‘ Mooring line7&:8

MSL B X Il
| Mooring line

B 3-1 AALAATER B 3-2 STLP =& & B 3-3 B EFEHE
Fig.3-1 Turbine system diagram Fig.3-2 Diagram of STLP Fig.3-3 Layout of calculation

Wave
—_

domain
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£3-1 AARRIRAH
Table 3-1 The main parameters of mooring system

R i
B RE A 8
FY L5 0 E (m) 32.78
i 28 L% (m) 0.127
BB o & (kg/m) 116.074
2350 1r) I (N) 2.5E9
HiHE S K (m) 80

% 3-2 “F4 5 NREL-SMW RuiLey £ 24K
Table 3-2 The main parameters of STLP and NREL-5MW turbine

FE AUl
SAEHAZ(m) 6.5
RHEFHAER, =E, [EEm) 9.0,12.0,40.0
IRV S i B (m) 5.0,3.0
F 5 H i (kg) 2.7342E6
V6 KT BUO B RE N B R s B (kg m?) 7.818E8/7.818E8/1.359E9
BATHY BT & E Oy (m) (0,0,-16.75)
ZATH BT 5 70 (m) (0,0,-14.08)
BATH B R/K T EAR (m2) 51.45
KAL) Lo (m) (-0.2,0.0,64.0)
e, #iE E AR (m) 126,3
e LA/ B00E T i (k) 110000/240000/347460/56780
BUAR OC T 1 B8l 1) 4% 3 10 (kg m?) 2607890
B 51 (m) 87.6
R EAR AR B (m) 6,0.027
T E AR AR B (m) 3.87,0.019
R EEAR 50 (m) (0,0,-0.3374)
RGN T 0 IR R VRE 15 15 3% B 16 2 (kg m?) 1e10/1e10/3.47¢9

3.1.2 BUERMITEIERHDE

AT S B A 3-3 BN, ARADLE 3R BRI KPR 1R S A AR T
WP (MSL) R, SFEIZKCN 20m, THEIRIRE N 100m. A4FR RIEE A FIR
BEEN], JR 5 O A F STLP /KRR 0, Z FIETT M)A o 7EECE AL I,
AN AT AR 73 3 B T KB 100m [FTH A SIX, KT — A, DUR SR
B FRF IR A AERE . SR .

AFEH LIS HanBPOSCh W B EUAE BN T, tHE TN 3-3 s,
BLADL g R AN 58 &5 3, R8s 55 28R 1 FAE AN L 2R G 1 2O Ak 1 o
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710 RSO BRI AAF 26— S DL O XL RO, DRI AR,
25 88 W ATBIR 26 A0 T L A-T- 5 18 B L 1 B2

k33 i HERIR

Table 3-3 Calculated wave condition

T A ity ¥ — R
121 X (m/s) 49 11.4
A S (m) 14.4 3
iU JE A (s) 13.3 10

3.1.3 HETEMIZAIER

N T ARUESE AR BT DA AR A R IR e e A5 4R, SR sA AR AL i
Y E RIS, 75 XTI A 3 R 25 2 T HEAT RS AR A, XT38 23 X 3t
AT XA I o AR SCHT S 2 T OpenFOAM H 7 1] snappyHexMesh T EPOOUA: B,
e T B 1 S PR SEEAT N2 H A th A T %A, AT AR N (] P9 AR BT
BRI . BARTAE R B e b UOXMLEEAE T S A A R R, FEXT H H T
Bl FERMIIAT 7R INE, DAE R .

B B TH R A ] 3-4 B e ARSCHH RIS E LN 260 Ji kA, THE
I ) 2K Y E 9 0.005s LAY & CFL 26428

B 3-4 i+ A
Fig.3-4 Calculation grids

3.1.4 STLP HERZ RIS UE

NESAIE naoe-FOAM-SITU K4 K i STLP 12 3 1 AERf 1 5 v FE 4%, 1 5E%T
STLP )5 HHBE H B JRr AT 7B, JF S5 IS 25 R AT 0 L
H T & BIANE RS R, 9037 F A 58037 i I — 250, 1R A3 5 900 A 3 — 2
AT A EE R . £ B HERIARE S, P RAE T LR LIRAE S,
& ML F, BT — ANz 3h B BB, K STLP PASE— B Wl IR E FEE BT
L E IR T 2R T A R E A R

£ EEHBE IR B R RN Py il 2 S RH Y B B 45 SR A& 3-5 . AR K 3-5
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B STLP 322 575 8 91 CFD A [  J8 301 45 5 5 IS e 1 ply
S0 F R B LA )W 45 R LU L4 3-4, Horlt, FAST — %124 Han Z5B0g F FAST
ARA% (NREL BRI RBLEN A MDD AT I A3 & BB 4E B, BModes
BRI I HTE R, Error /& naoe-FOAM-SITU 45 5UAHXT T BModes 4 R fi
P
Error ff)iH5 K

o _ rn(i) _rb(i)

) (3-1)
R, eV NBHEEN Error £, 7 NEHEASN BModes AH TR ITHEAS 4 #145
B, r RSN naoe-FOAM-SITU 5455 .

e

12
5 lof
&) E os|
T T
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5 5
= Z 06
2.
Ea
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02
" - L
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= a
= g
T T 0003 |
z g
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Time(s) Frequency(Hz)
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= & o004 |
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)

Yaw(deg
Spec Yaw(deg’/Hz)

! K
0
00 02

'
100

T'ime(s) Frequency(Hz)

B 3-5 STLP & A WA 8 & RMREF A b &R EELER
Fig.3-5 Time curve and energy spectrum result of the free decay motion of STLP

% 3-4 STLP &%) & B A & H
Table 3-4 Natural period of STLP motion

A naoe-FOAM-SITU FASTB BModesP"! Error
M (s) 29.73 31.30 30.41 2.24%
1% (s) 29.73 31.30 30.41 2.24%
G (s) 1.32 1.33 1.32 0%
FERE (s) 1.92 3.23 2.78 30.94%
PP (s) 1.92 3.23 2.78 30.94%
HHE(s) 18.32 20.01 18.87 2.91%

H1%% 3-4 A A1, {8 1] naoe-FOAM-SITU #U1G 2 (45 R 5 O ST R4
WiEr, BREARE. HEESN, R 3% AN . BERE. REREA FE S SORE R
i 22 B K P SR R S A S s ) XU R 5 SCRRAN [, X s« 08 Je e el 1) e 30
& 5 Han S5/ SCRRBO AR o ASEADL 28 S U WA A SR Al 4 T L 4 ) s A2 40
STLP V&K Iz . Lmuit b Eil: FErfng . g A A Y
KT 25s, . MRS URE I E A FIRNT 35807, ki STLP #F & 25K .
Rl LERCT 6 4% B s sh A PR 5 SR R IR rT k. R R 5 E#Ris
2 A A AR T MR PRI, MERE . IR T 18 B A ] A A v T i A g
RIS, A SO R STLP AT LA 208 G bt iR 8 S 3Lk, 1FE KWL H
SRk 5 R] AR SRR E i 0 E

3.2 SEEZANAEM TLP L EAEBRP B REMR

N T MRS ) STLP Fissh W N AR, K& BT AR, {/fr
N ARG R . MR ZIR T & BRI, BOTEE B hEissh, BT a4
BARTIS B HEEs) . W TR y FZHE SEENTK 5%, 2l b h £k
Fgesil, JF 5 e S A R T X b
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3.2.1 HRuHGIKUREET STLP /KB F1EF0E R 45 R

LU T & AL, KA TR APIRES, K6 B TR T, R
IRIE A, PEIRWERH JONSWAP i, A k& 14.4m, #E0GRE A 13.3s, HA4s
Rinl 3-6~K 3-10 Fis. K5 EBEEREsI S RTS8, dRuNE 3-5 frw:

% 3-5 Mah#H AT STLP i 3% & 4 iHh
Table 3-5 STLP motion response statistics under extreme sea conditions

Surge/m Sway/m Heave/m Roll/deg Pitch/deg Yaw/deg
max 11.53 1.79 0.00 0.16 0.12 2.49
min -5.11 -3.41 -1.10 -0.73 -2.29 -1.63
mean 3.49 -0.05 -0.39 0.00 0.01 0.11
std 3.72 0.63 0.21 0.03 0.06 0.55

W BORMGE W KA G, AN B HEEsiT, AGEsiiis,
ENEE R, Wt AMEL. BT TLP “F &1 H Siashfetk, “Fsbzes)
CHRE . AR L TG MIRERAD: BT HHRG . BRI R, A
HRZ N IRE RN KIS T CFD &R 5 & ME R g R (R
IR iz shm RO E AT XL, Wl 3-6 R

5.00

4.53 431
= 400 [ ]
. 3.49
= .
% 3.00 O CFD
_E 0O A48 4 i AR
EE( — 131
&5 1.00
= 0.01
G4 -0.01
-1.00 -0.39
surge(m) heave(m) pitch(deg)  tension#4(MN)

B 3-6 Mk#&ILT STLP 8912 3) & R 8% 71 it 45k
Fig.3-6 Statistical characteristics of STLP motion and mooring forces under extreme sea

conditions

Hi &l 3-6 AN, ] CFD JiiEtfitismife it~ STLP [Kizsl, ML T2MG
I3 i, BB A /ISR 5K F1 R K o 12 B m B R A 1 E AR KL &R 4t
RIS, #5 8 25 RINEEEN RN EBTSET, 351 3-6.
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% 3-6 MHBENTZBE%SH%HE (12: MN)

Table 3-6 Force statistics of mooring system under extreme sea conditions (MN)

AiA%iYS  max min mean std
mll 27.0 0.0016 3.26 1.44
ml2 27.0 0.0016 3.26 1.44
ml3 10.3 0.0032 3.52 0.87
ml4 10.3 0.0032 3.52 0.87
ml5 10.3 0.0060 3.51 0.86
ml6 10.3 0.0060 3.51 0.86
ml7 452 0.0020 3.26 1.47
ml8 45.2 0.0020 3.26 1.47

H 3-6 1] WLESBE#T . #8 252 BRI B NIk J1 B R . HiEE#H3~#6 2 B - 15 5K
TR, XA H T X VUK TR, RS2 K. R T VR 4 i
5K 7 2= BE P44 ZE(H AT ik 0.05MN.

w1 mit
50 3.5
mls 40 mi2 ml8 334; mi2
0 34
335
33
L
ml7 ml3 ml7 ml3 mi3
ml6 ml4 mi6 mi4 ml6 ml4
mls mls wl$
B 3-7 WerENLT ZA% T ARt 4tE (£: mAkfE; P: F¥HE; & WnEE4;
¥ 43:MN)

Fig.3-7 Comparison of statistical characteristics of mooring forces under extreme sea

conditions (left: maximum;middle: mean value;right: standard deviation value;Unit: MN)

% B BN PIR BT BB, sz ZS 5 AN YA R G052 1t g th 2833t
RE L ALHE, 1530 3-8~ 3-12, T XCHFTAMERN “ R G R RL 1)
'H@%ﬁ%HmﬁW%IW%%O
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B 3-8 STLP AMmEIN TR RETH A A Sk ELER
(£: naoe-FOAM-SITU, #: &45&03atmb0, T CFD ik#4R)
Fig.3-8 Time curve and energy spectrum results of STLP wave loading under extreme

sea conditions (left: naoe-FOAM -SJTU, right: fully coupled time domain simulation!3%],

down: CFD wave spectrum results)
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B 3-9 STLP AMHEAT UG EHRHBEEREELLER
(£: naoe-FOAM-SITU, #: 4484 0384t mbBo)
Fig.3-9 Time curve and energy spectrum results of STLP surge motion under extreme sea
conditions (left: naoe-FOAM-SITU, right: fully coupled time domain simulation(*°T)
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P 3-8 Oy STLP fEAR ikt b IR B AT I Py i 28 S RERIE 45 2R], I UL CFD
BAUE IS T RAIR I &R sy B 3-9 2y STLP ZEMR SN N (3512 i g it 2%
SRERIEER, W UL AR IE 3 TR R AR w5 B, N IR N R
NI . BRGNS IS B (1 [ A AR (0.0336H2) 5 i IR ARG BN BT, gt
IR S AH EE T IR AR WA AT SR AN K o X — 3% 5 Han S008I 450707
SERGEMIE . AR R s BRI RN, AE CFD &l Sf Rk
DL, BRI BICBIRIR AT LT R S A R R/ A
SR N B . XAEROE 39 CATR) iR R RERIBGR —Fraksy,
K 3-9 (2 h) FEIRIISH R I REAEN o XTLEATAL =B RR AT 800 T
DB B IRAR N

BEAk,  MAZIFDOL R STLP I iiashint Py h £k v al LA 2N G sl iK1 1 &
ATE O FLEAL, AR ER, IXA&EH B KI/EHR . CED B4 AR i it
WIS RO RE & NS, R 5 R GRS R ZE AR, nl R SOl T
RALFAF IR N RI0 T STLP IIYNZ I8 B0 A K
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B 3-10 STLP EMRAENT W EFHEHNTHHXHREELE
(£: naoe-FOAM-SITU, #: 448484348 0300)
Fig.3-10 Time curve and energy spectrum results of STLP heave motion under extreme sea

conditions (left: naoe-FOAM-SJTU, right: fully coupled time domain simulation(3°l)

K 3-10 . STLP (M mifedl 3k Gia shind g ih 2k 55 ge il 45 2R, &l
KOLE RS DL N BARMR M N o5 £ B Ry, 3 A SR S B RO &, X2
T STLP WIAA R N HEAL, BT s SN G IS s G . 783G [ A 55
Ak TT AN 236 5 W L 3, (H B AR /N e eAh, TR GBS AL B AR R K
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M LLR, 2880 L B 5K RS BE R ST H B RF

WemiEdL s R T STLP S isshge Bk s R (K 3-10 4 1) BIE
ARSI N, {H AL CFD AUt T4 KIS RO E 3, Bt ALy
YRR IR RE L T X375V IS T A A IRZS B XL STLP AR St ) 3 5 18 Bl FE M 4
N

T2
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N

i
&

— 1t & 2nd order
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B 3-11 STLP AME#HATHIEZHN DB EEREELER
(£: naoe-FOAM-SITU, #: 4484848348 m00)
Fig.3-11 Time curve and energy spectrum results of STLP pitch motion under extreme sea

conditions (left: naoe-FOAM-SJTU, right: fully coupled time domain simulation(3°l)
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Fig.3-12 Time curve and energy spectrum results of STLP Y bending moment under extreme

sea conditions (left: naoe-FOAM-SJTU, right: fully coupled time domain simulation[*°T)
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Fig.3-13 Time curve and energy spectrum results of #4 tension under extreme sea conditions
(left: naoe-FOAM-SITU, right: fully coupled time domain simulation[*%T)
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Fig.3-14 Instantaneous flow field diagram under extreme sea conditions
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Fig.3-15 The state of the flow field at different times under extreme sea conditions
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Fig.3-16 Numerical simulation domain settings for waves vertical to wind
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Table 3-7 Motion response statistics of STLP under extreme sea for waves vertical to wind

Surge/m Sway/m Heave/m Roll/deg Pitch/deg Yaw/deg

max 4.39 3.29 0.00 0.06 0.08 2.66
min -3.37 -2.79 -0.49 -0.08 -0.06 -2.21
mean 0.10 0.11 -0.26 0.00 0.00 0.00

std 1.62 1.18 0.03 0.02 0.02 0.76

& 3-8 WikkA90° . MmBARATFERARATAATER ($42: MN)
Table 3-8 Force statistics of mooring system under extreme sea conditions for waves vertical to

wind (MN)

RM%idT  max min mean std
mll 10.3 0.0122 2.94 0.38
ml2 10.3 0.0122 2.94 0.38
ml3 10.3 0.0104 3.01 0.36
ml4 10.3 0.0104 3.01 0.36
ml5 10.3 0.0105 3.02 0.35
ml6 10.3 0.0105 3.02 0.35
ml7 10.3 0.0122 2.95 0.36
ml8 10.3 0.0122 2.95 0.36

PALESE RS IR FE P 45 R (3R 3-5 J23k 3-6) XFLEmT K1, G MREAL 2
INFILRE, PRIAESEAP SO0 T Sk, MU G MR AL b, TR 18 5 A0
FEF IR ASSE5 2R, 2 BN 2. 37 G RO AR, IR A AR TR XS
TG B IS, BREINERHAK.
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FEH NATIIME . R ARG Tk (#5. #6) - fE— DA RS,
MR MR BE 52 B A TR T KRB N, G R R GRE IR T, BT
fo 0L e T RHIE IS AR EE R (] 1] 175 DL B A 2R GE ) 52 0 SE X501, W LB N7 70 b i %
HIH RGBT . BARNGH A MR RAE R B2 K 5K /3704, AT

38



L N U e AT

WA RGN . 25 RENA RS8R0 @, IR NS AN F 2 S8
ARG RN B
Mt RIS /1 90° T 0L~ STLP [#)izshm v i & 3-17~&] 3-23 Ao

urge(m)
T T
Spec Surge(m*/Hz)

3 L L L I i -
0 100 200 300 100 500 600 00 02 04 1o

Time(s) Frequency(Hz)
B 3-17 STLP AMm#HILT ik kA 90° B9 GHEH M XSS Ea R
Fig.3-17 Time curve and energy spectrum results of STLP surge motion under extreme sea

conditions for waves vertical to wind
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Fig.3-18 Time curve and energy spectrum results of STLP sway motion under extreme sea

conditions for waves vertical to wind
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Fig.3-19 Time curve and energy spectrum results of STLP heave motion under extreme sea
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Fig.3-20 Time curve and energy spectrum results of STLP roll motion under extreme sea

conditions for waves vertical to wind
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Fig.3-21 Time curve and energy spectrum results of STLP pitch motion under extreme sea

conditions for waves vertical to wind
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Fig.3-22 Time curve and energy spectrum results of STLP yaw motion under extreme sea

conditions for waves vertical to wind
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Fig.3-23 Time curve and energy spectrum results of STLP bending motion under extreme sea

conditions for waves vertical to wind
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&39 PHEENTFEEARMEETER
Table 3-9 Motion response statistics of STLP under moderate sea conditions

Surge/m Sway/m Heave/m Roll/deg Pitch/deg Yaw/deg

max 2.48 0.18 0.00 0.02 0.04 0.60
min -0.12 -0.18 -0.44 -0.02 -0.03 -0.51
mean 1.36 -0.01 -0.23 0.00 0.01 0.00
std 0.55 0.07 0.02 0.00 0.01 0.22

53 3-5 PEGEMLL, BT ANAETEONEM, BORA BN, I
T AR LA O R MR 2 . P B B IS SN 1e 8. FIREA T
fhiesl (G . B IRERCDN, PEWNEs) (WG, B, B8 IRE
BORIIRF o K5 8 2k RIAHIEER) RN JMERHT AL, #5313 3-10 ANA 3-24.

£ 3-10 PHFEHENLTF6 RiaRATARITLER (£42: MN)
Table 3-10 Force statistics of mooring system under moderate sea conditions (MN)

AR5 max min mean std
mll 10.3 0.0070 3.34 0.41
ml2 10.3 0.0070 3.34 0.41
ml3 10.3 0.0423 3.47 0.40
ml4 10.3 0.0423 3.47 0.40
ml5 10.3 0.0423 3.47 0.40
ml6 10.3 0.0423 3.47 0.40
ml7 10.3 0.0075 3.34 0.41
ml8 10.3 0.0075 3.34 0.41
it it
. i "
i ol 5 5 a3
wl ml4 als mld
wis ais s
K324 PHEEHLTRAY TG4 (£ Rk, F: FHE; 5 EE4E;
¥ 43:MN)

Fig.3-24 Comparison of statistical characteristics of mooring forces under moderate sea

conditions (left: maximum;middle: mean value;right: standard deviation value;Unit: MN)
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Fig.3-26 Time curve and energy spectrum results of STLP surge motion under moderate sea

conditions (left: naoe-FOAM-SJTU, right: fully coupled time domain simulation(3°T)
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Fig.3-27 Time curve and energy spectrum results of STLP heave motion under moderate sea

conditions (left: naoe-FOAM-SJTU, right: fully coupled time domain simulation(3°l)
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Fig.3-28 Time curve and energy spectrum results of STLP pitch motion under moderate sea

conditions (left: naoe-FOAM-SITU, right: fully coupled time domain simulation(3°T)
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Fig.3-30 Time curve and energy spectrum results of #4 mooring tension under moderate sea
conditions (left: naoe-FOAM-SITU, right: fully coupled time domain simulation(*°T)
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Fig.3-31 Instantaneous flow field near platform under moderate sea condition
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Fig.3-32 The state of the flow field at different times under moderate sea conditions
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Fig.3-33 Flow field (left) and velocity field (right) near the platform at T=375s
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Fig.3-34 Energy spectrum result of platform in case of partial failure of mooring system
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Table 3-11 Natural period of the platform in case of partial failure of mooring system

TS AR TBEN BN RGH R i
H(s) 29.73 30.96 4.14%
537 (s) 29.73 30.12 1.31%
FEV(s) 1.32 2.22 68.18%
FEHE(s) 1.92 14.35 647.40%
WP (s) 1.92 14.35 647.40%
B HE(s) 18.32 12.50 31.77%
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Table 3-12 Statistical results of platform motion response with partial failure of mooring system

under extreme sea conditions

case Surge/m  Sway/m Heave/m Roll/deg Pitch/deg Yaw/deg

#7 I3 16.27 3.59 0 0.42 0.42 4.44
max N
ki 11.53 1.79 0 0.16 0.12 2.49
. #7 I3 -8.13 -1.92 -2 -0.4 -0.3 -3.03
min N
ki -5.11 -3.41 -1.1 -0.73 -2.29 -1.63
#7 I3 25 0.5 -0.38 -0.05 -0.04 0.45
mean N
ki 3.49 -0.05 -0.39 0 0.01 0.11
#7 I3 4.62 1.06 0.3 0.1 0.08 1.14
std .
ki 3.72 0.63 0.21 0.03 0.06 0.55

K 3-12 AT, HiHRGE M KBS G MG EshmiRoR, WKl 3-36.
A RANG BB KRE . B/ME, B FEaNG . BGENREGREEHRE R,
NG s shiEIE RN 16.64m, HHRGM ARG KH] 24.4m, BN T 46%. X2
H T 4#7 KRG, BRI RAAE AR BT STLP 218 8511 R 501
FIRVF 1, AE—ANEARGB RABIEOL T, #iHR SR 5K 1558 7 DLP iy
ZRIFI], RS TX-FHsMEs) (E%iEsh. #iRiEs). AFiesh)
IECIAN K . WAL & G s, nIRe S BN, 5l XML [
LEIEE
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Fig.3-36 Statistical results of surge,sway and yaw motion under partial failure of mooring system
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SRR RN . R RIAGIMIR S, BE RS AT I R AL AT RE R 2 I3 K,
WRIREEEIER] 64% (#8) , HIEERIWIRGR, RWin A4k, SIER
falk. #7 WiRfE, F—FE EMRPS #8) LIk ubrdEz= Kigssin, AH48
LM RILE (1. #2. #5. #6) LIUsK bR HE 2= I E 10, (E3 0 e 2
BN UL —IR RINGEWIZL IS, BE B BT K R IAZE 15K )RR ks KR N, 3
T 2 55 Wi mT Re

® 3-13 BamEN TR0 R RRIRIFEAT RALLAHRITLER (B N)
Table 3-13 Statistical results of mooring tension with partial failure of mooring system under

extreme sea conditions (unit:N)

RWSHT  max min mean std

mll 1.03E+07 2.64E+01 4.02E+06 1.82E+06
ml2 1.03E+07 2.64E+01 4.02E+06 1.82E+06
ml3 1.03E+07 3.32E+03 2.82E+06 9.13E+05
ml4 1.03E+07 3.32E+03 2.82E+06 9.13E+05
ml5 1.03E+07 1.34E+02 4.15E+06 1.12E+06
ml6 1.03E+07 1.34E+02 4.15E+06 1.12E+06
ml7 - - - -

ml8 1.39E+07 5.44E+01 5.35E+06 2.42E+06

#1 P s
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o
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b
At
=]
En
()

#6 #4 #6 #4 #6 #4
#3 #5 #5
—— TEHT R —e— R E —— T —e— R E —e— THHTH —e— R
B 3-37 ®AZATEMITRALKARKMA(L, #12 1e7TN). FHECP, #4142 MN). 47
EEA(E, #142 MN)B R
Fig.3-37 Effects of mooring system integrity on maximum(left,unit:1e7N), mean(middle:unit:MN)

and standard deviation(right,unit:MN) of mooring forces
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Fig.3-38 History curve and energy spectrum results of surge motion with partial failure of

mooring system under extreme sea condition
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Fig.3-41 History curve and energy spectrum results of yaw motion with partial failure of mooring

system under extreme sea condition
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Fig.3-42 History curve and energy spectrum results of yaw motion with partial failure of mooring

system under extreme sea condition

H1 & 3-38 RIAN, BUI BRIR 5 WG ia 3 b A PR AR, 3 B R il
DAEE R, B4, LR WG E, W EGEE SN IEs G
(K1 HHE 3-41 AIRD, BRI 32 G/ NG IRl . B 3-42 16
Xt IRHTLJER P PR 5 RIS 73 S N ] DL 2 BRI A7) > e 3 B2 3 3 J1% 7
o, SHPRREE RN, KR RO R I 2R hARE S 1 o

gi b, W HmEEAL T STLP, —IRARASIMIR S FEEH RS0 B AE
95, B NG E RSN RS, MR RIA I K. Rt 25
A SERS . IR BB B, 75 18 B R A48 0 9 5 K i vH 28 Gl 70 R RUm B A7
L.

53



L N U e AT

- P, A -— — 3.
5 e L P
8, { Bistde., &
4 4 - ! .
# y
= - i = # t sl i AT 11y
T=549.4s T=551s

T=554.2s T=555.6s T=555.4s
B 3-43 Mg LEA R A KA ILT RS B

Fig.3-43 Diagram of flow field under partial failure of mooring system and extreme sea condition

Vel 3-43 Sy AN [R] I 20 P B S Y 00 BV 2R 8 30 70 R ARUIE O R R I AT LGN
WARE AR E, HBALE 5554s BZNRE CABIE 73X TFE0 E4%. 5K 3-17,
ARG e G DL SRR E, AIIER T 3H R G R B 1, FEiEahE
NREIZE, BT e AR SR, SBUORIERTE, BB UE
PP IELL

333 hFBATHARGFEIENT STLP FEEMREMR

W1 3.22 79, WFERROCTEAEXIRFIFTEIL T, £ BEETK Ik K E RN
lr, EAEE#3. #4 S BTk DEIEROR, IS vl REA MR . H
FAE P EEHEOL . XUR A [ 15 D0 S BEH3 AR TR0 1 S iz S AT R 4832 1)
AR

A E AL AR, BOTEME B, RIA%H43 W, BORMNIG B AR
322 WHIIBE. G EE#3 RGN, RN XIRIE R Rz 5],
IS RG T BMENS L, BEANE 3-14 R,

54



Entin i N 2 e A e

K314 FPHEEALTRARAAFRAFIUT FEEH MR %4
Table 3-14 Statistical results of platform motion response with partial failure of mooring system

under moderate sea conditions

Surge/m sway/m heave/m roll/m  pitch/m yaw/m

#3I W 2.96 2.85 0 0.26 0.22 2.31
max .
SEH 2.48 0.18 0 0.02 0.04 0.6
. #3I W -6.49 227 -0.48 -0.07 -0.07 3.1
min .
SEHE 0.12 0.18 0.44 0.02 0.03 0.51
#3 W -1.45 0.26 -0.25 0.07 0.06 -0.31
mean .
SEH 1.36 0.01 0.23 0 0.01 0
” #3E 216 0.86 0.06 0.05 0.03 0.92
S
SEHE 0.55 0.07 0.02 0 0.01 0.22

MR 3-14 AIHN, RO iz shfe#3 Wikd)a iz shiE BN m, WA 3-43 fhos,
XA T RS R HH ARG AE IR, BRI G S T B L R
AL, ERSN GBI . #gieshEAIZEIEED 0.36m, RIAZWTIR)E#
GIsENRIEALE A 5.02m, HINT 1294%. Y512 5AH L T4 2 Gt 50 B4 AR
FFEANREIZL, (B T rh SR LB S AN AR i g DU 2, AR VA AR e
Wi Ja P Is s KA . 4h, SilcmiEii 2L, 76— AMTH R G R AL
IR OL T, A RS TK AV IR AT BT i 2 X192 77, AL STLP A5 2 A1
HMBEITAAT WITEARFIE, — IR ARG 2 T3« BRE . RIS SR AN K

X T UAEOL T RN & B 7R s, Gitas RunlE 3-44 fros. wlEIHHE &
GLHk oy RAUG, ERHSEEE K. ERAEENPERILT, T E R EELER
F£0 it RIEATT DA ZZ ORRF KLS XA 3 1) — 20 1 E#3 BRI IEOL T
HREI R s, Sk b I I R S, 00T KUK T A2 4
H A BAAH o
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Fig.3-44 Statistical results of sway and yaw motion under partial failure of mooring system
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HIH ARG/ KR BRI )R 3 PR, 5 3.2.3 i ER 3-10 HLEAT
RN AT 5 S BE RS2 ST LA, (HEUNK AT, Gl 3-45 s,
R ULIE STLP £ — MR ARSI G, BRI A RHE 10 81 =7 Rasl ), A A vE
ARG B REMBES TR, FECFGREREL K. #3 iR E FBHRS &
AT IHEARACROR, Wl 3-45 7R, SikomiE iRl Bt STLP #£— R RIS
Wi )i, [F)— 1A _E 1 R IA S5 (#4) _E 5K 1 R IREE N, #4 125K 13800 1 55.6%.
FHABIEE IR (H1. #2. #5. #6) EIRSK A igm, (HIm i iE A
e B R R IREIE O, A AR A B ARIA4E (#7. #8) K
e —IRARIALEMR G, B BOL A RIALE AT RE R TR, AT AE R
Jak, TR RIAGIARAEWTRE, SIERBCKER .

I STLP fE IR ARALIWIR S, [F—FH LR RA% 4D Bk brEz
RUGHE, FAbSTRE LRSS (H1. #2. #5. #6. #7. #8) ISR Subnitiz
EIE RN, ERINAEEEN . SR ARIPEMR )G, B RIL I RIAGEN
5K 1R G WK ORI N, B0 1 AR VA 880 57 Wi i mT Be k.

%315 PHFEHEATHAZARFRAFAT RAET AR TER (42 N)

Table 3-15 Statistical results of mooring tension with partial failure of mooring system under

moderate sea conditions (unit:N)

AR T max min mean std
mll 1.03E+07 9.89E+03 4.00E+06 4.33E+05
ml2 1.03E+07 9.89E+03 4.00E+06 4.33E+05
ml3 - - - -
ml4 1.23E+07 4.03E+03 5.40E+06 8.49E+05
ml5 1.03E+07 8.70E+03 4.05E+06 4.37E+05
ml6 1.03E+07 8.70E+03 4.05E+06 4.37E+05
ml7 1.03E+07 5.04E+03 2.65E+06 5.73E+05
ml8 1.03E+07 5.04E+03 2.65E+06 5.73E+05
50! : 6! q 10"
i A b AN
20 s
10
7 3 7 ( 3 7 (B 3
)
6 4 6 4 6 4
5 5 5
——#3 R —— RARE —e— #HiH —e— RibmE —— HEE —e— RiOEE

B 3-45 ®AFZATEWITRAMK R DME(L, #12 kN). FHECP, #4142 MN). 7k
EAH(#, ¥4% 1e5N)8 H ok
Fig.3-45 Effects of mooring system integrity on min(left,unit:kN), mean(middle:unit:MN) and

standard deviation(right,unit: 1eSN) of mooring forces
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Fig.3-46 History curve and energy spectrum results of surge motion with partial failure of mooring

system under moderate sea condition
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Fig.3-47 History curve and energy spectrum results of heave motion with partial failure of

mooring system under moderate sea condition
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Fig.3-48 History curve and energy spectrum results of roll motion with partial failure of mooring

system under moderate sea condition
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Fig.3-49 History curve and energy spectrum results of pitch motion with partial failure of mooring

system under moderate sea condition
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Fig.3-50 History curve and energy spectrum results of yaw motion with partial failure of mooring

system under moderate sea condition
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Fig.3-51 History curve and energy spectrum results of Y bending moment with partial failure of

mooring system under moderate sea condition
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Fig.4-1 Diagram of semi-submerged platform
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Table 4-1 The main parameters of the platform

RREE = AT (T
MR T8 m 78.68
R JE S m 8.6
AR EIE L EHE m 30
SRR m 17.385
SEAE LR m 15.86

S m 21.46
AR A AR m 3.96
TAEFOLHEE m 54.83
SAEFOEREFERE S m 58.56
ERUNSES m 114.07
AR T m 20.12
RS m 8.54
TR 2R [R] B m 58.56
FHZK m 19

- 5 WILRA R m 11
K& t 51465.3
HOMH IR = m 24.26
MR m 32.4
T [ 45 A2 m 33.3

HiA RASHUNR 42 o, Hp RASER A 4300m, HIUGHT R}
% 4052m, FHEWWIMSE, £ PEM ik, BB RIS YIHEK &
Tk 77 BT S S PRI A AR R . LRI R GURH BN FEIA R SE 4R LA
SRSy B FuERA R4S BUMSHEEE, B IRIBUR A A R ER LT 4. R
SCHBA RS RIYIRBE ) R VR ) R B I0R E R A HUE, b S
2% Qiao LI E: 1EMIBH I R Con=0.05; YIMIFHJI REL Cor=1.2; BN
B R Cu=l. FERGIDBIKESHERHESES N 2 0% 4-2.

k42 WMAFRAIZHSH
Table 4-2 The main parameters of the mooring system

wa mswmby o T g gy MEERTEE eomm don
(m)  (mm) (N/m)

3 R4S ik 150 84 4.47756x1011 1313.2 7989

i RIERA4ESE 2650 160  4.67916x1010 41.2 8114

N R4S i 1500 84 4.47756x1011 1313.2 7989
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N T RARIAGAENR LI N FR IR 24, B Pk J1sE IR THL T
F{E, BP 200t. ARZEHEGTARGAMAEWE 4-2 Fin, ¥ 12 RAAZ 5N 4 4,
WoerameE, Hi#l 5 x Waormkm 37° , #1 542 KM 3° , #2 5#3 K
57, HAth 3 HRWLE S —H R IABNFR I

3 45
1> "6

B 42 #H2%KETER

Fig.4-2 Layout of the mooring system

4.1.2 BHEZEIGTEE AR

AT B AT B & 4-3 B, BN R 58 4 AR T 3 i P T
(MSL) F, “F&Ha/KHN 19m, THEIRIRE L E N 200m. AAbs RIEE G TR E
EW, Z B mE b THEEGERDN: x: -225m ~275m, y: -150m ~ 150m,
z: -200m ~ 50m.

AT, RS B TR, BIRMN D R AN B TR
RSN, TRAANIN AR T GBI BIRA— AR, BiR
BEh JONSWAP i, £ s 6.0m, REERFIH 11.2s, BESHCN 2. BRI
TG, WIUERZIF & b T 5 B P AR .

FAN, FEBMERATT EON TR A2 B B T KB S0m 51 3 44 ot
X, KF—M¥K, DREHDDINFRIRAER A7 AR,

B 43 AT EBRER
Fig.4-3 Diagram of calculation domain
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4.1.3 BETEMIZEERK

AT BUER AT SRS, A A A, AR A R o & 4-4 (/2D P
7N, FETF OpenFOAM H 77 1) snappyHexMesh T EL A= il 1T 6 2 THT I 44 X s 2 1
4-4 () s, P& T E T XA AT T, AR A E T,
mE 4-4 D Piose ASCHTHEMNIEELN 150 JiE A4, tHEBEZDZKEE N
0.005s LA 2 CFL 2%+

g

K 4-4 Mg E (£: BARRE: F: FER@RAE: & FEHARE)
Fig.4-4 Grid division diagram (left: overall grid;middle: platform surface grids;
right: grid near platform)

42 ARG TRIEATEIMEENR

AATIHE A 2 G BB AR AT AT, DRI R G S R
G LEAR [F A4 T 1R8BS S 430 B ik F1ma R, AT R SCF9E &I
RELRERBIEIL T BT G WA NARAEIERE . ATTHE AT G185 BE B R 2,
FEMNHEA LR AT RIS 8 B I G A R G0 1 5 2

4.2.1 AREIESRAS AEX T SIEsha5200

HT V& TAERBAMIEE R 28, alReZ 3k B &7 1A AN KU 1) 4F
F o A5 73 B FEAS R IR NS A #86 T°F G2 S . $R AU A R R 5E 1S
SR RERTFEE 00 UBR) A1 90°  (REIR) THI IS SRRIE K 52 TRt . #F
FER AT 6 % B B S S ERFEIRE NI shmm B B S RS2 TR,
B & RGP A R4S THE -

THFAIRE R N GiEs), FEMRER T (NFAE 07 O MEE
BT ] 4-3 PR, FERLIEOL T 21 & A IR, B 50T & AR ARIE 3
N E B sh IR, THESRIHME R 4-3 Fis:
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NIRRT -6 6% A h EEF R %TE
Table 4-3 Motion response statistics of the platform under head wave

Surge/m Sway/m Heave/m Roll/deg Pitch/deg Yaw/deg
max 6.21 5.78 0.00 1.79 16.80 9.54
min -3.32 -1.17 -5.18 -7.80 -1.29 -5.29
mean 1.14 0.85 -2.48 -1.29 10.10 1.67
std 1.71 1.37 1.12 2.05 4.62 3.22

SINTER 4-3 BT, CYUESH RS, SPEUIRE, BT IR R s
RAEBAIEE, FEHYIRIEME A 16.8deg, ¥4 10.1deg; HAIAER N 1.14m,
NGMREA 6.21m; HEERE A 0.85m, MGIRMEN 5.78m; M [MEMIAF]-2.48
m, MG HNEFIRES -5.18m; FE, BHTIRAMER, FarseE L E R

B

N HT IR R T G A R ST T IRHIE, SRR EE 52 B 15K A1 4t
THE, IRl SRR RGN B2 2 R 8. BRIk BES i, 8 1 PRk
74, BB 9 B H] T I R4S SRR WA R, B 7989KN, A4
B R o

SNV
IR G RANKR 4-4 Fos, IWECRIABER SR ST 5K 77, a5 R 4-5 o

N EE R =

(4-D

A 44 BRAFALT R0 R RS MR %L (342 MN)

Table4-4 Force statistics of mooring system under head waves (unit:MN)

ZHA%%'S  max min mean std ZRFRE
mll 8.87 1.13 3.17 1.45 0.90
ml2 8.28 1.14 3.04 1.33 0.96
ml3 7.27 1.17 2.82 1.13 1.10
ml4 4.59 0.78 1.72 0.59 1.74
ml5 5.11 0.74 1.70 0.65 1.56
ml6 5.37 0.73 1.69 0.69 1.49
ml7 6.59 1.12 2.30 0.98 1.21
ml8 6.45 1.14 2.28 0.93 1.24
ml9 6.19 1.18 2.24 0.85 1.29
mll10 7.44 1.15 2.87 1.13 1.07
mlll 7.29 1.08 2.86 1.15 1.10
mll2 7.17 1.05 2.86 1.17 1.11
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mll12

mll 10 mlll
ml2 ml10
= max
ml3 ml9
== mean
ml4 ml8
ml5 ml6 ml7

B 4-5 ZAmKkATFHRAER (42 MN)

Fig.4-5 Comparison diagram of maximum and mean tension of mooring line (unit: MN)

HI3 4-4 FE] 4-5 FTLLVE e A 3RS0 0 i 7 1A (K SR TA B2 J1 80K, I
RIABEH#L . #2 #1255 JLrp RGAZH1 BT M ECRTK TATIA 8.8TMN. AR
T 1) RIS 1/, WRIASHA~#9 . SR RN TR TH 1P 3052 )1 i B K 218
A& 1.47MN.

APLVERT T80 R Ui/ N 2% REE Y, S0 R 578 B - B BE
A RFPZ KT 1670500 a] S I 1 & B H R G A R 2 BN
ERBEOR, TTHEH# %, ZARE R, BT SEizsih kAR n el 6
VEARHR Ko FIHMHER 4-4 RIRI% RIAGE AT, FAMIRE K R0 5852 T30
FEE TR A R ISR, YIS RIASTE A 5 AR 57 10 05 o DRl AS 2000
THIARGARE A L4, RIAGIREAITK AL DUOREE T S 1 2 21k

B AR T T B Sh I Dy il 2k M vk S A B B Rl 2t 1A
4-6~18 4-12 . P EAERTH RS S BIE O S B hEIZ s E A SRR
RPRP3:

k45 FHEIAFEEadhREHEAME
Table 4-5 The natural frequency of freedom motion of a semi-submersible platform

P W7 i P R TR Y1 i
& $i % /Hz 0.005 0.005 0.05 0.025 0.02 0.014

surge(m)

Spec Surge(m*/Hz)
=

2k
0.2

4k
L i L I 0.0

L L 1 " L
0 100 200 300 100 500 0.0 02 04 0.6 08 Lo

Time(s) Frequency(Hz)

H4-6 WREATEFHRFEAGFEHFHEE (£) AZELER (H)
Fig.4-6 History curve (left) and energy spectrum results (right) of surge motion of a

semi-submersible platform in head waves
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sway(m)
Spec Sway(m®/Hz)

le
0.0

" '
0.0 02 0.4 06 08 1.0

2 s L L L L
0 100 200 300 100 500
. Frequency(Hz]
Time(s) equeney(Hz)

H47 @REATHFHEXNFEMHGEFHTmEE (£) RRZELER (&)
Fig.4-7 History curve (left) and energy spectrum results (right) of sway motion of a

semi-submersible platform in head wave

ave(m?/Hz)

heave(m)

Spec He:
-

UIL’J
0.0 i

L 1 L 1
0.0 0.2 04 06 08 10

L L L L 1
0 100 200 300 400 500

Time(s) Frequency(liz)

H4-8 WREATHFHEXNFE2H T nE (£) ARgZHELER (&)
Fig.4-8 History curve (left) and energy spectrum results (right) of heave motion of a
semi-submersible platform in head wave

M & 4-6 7T 0L, E-T G RIIUR M G i8 30, 32 PR 70 & IR By
(T=11.2s) , /&l 4-7 A] WAL & BGRB8 30 L3 R K 7, X2
PR NS T TR x Bl AEINZ @ s J5 1 By BARK, fERGS 1235 17 70 EAR
Mo WGIBEREEWE T, B T BORIERIEE NG IRy ARG REEIE T, B
BRER I b . B 4-8 AT, £ B MR E Gt , BRI LT,
FAT WG IRy . FELLE =T, PR AT W R .

roll(deg)
Spee Roll(deg™/Hz)
-

6|

s

L L L
0.0 0.2 04 0.6 08 10

L i L | i
2 3 5
0 100 200 00 100 00 Frequency(iiz)

Time(s)
H49 BRENATHFHEXFEMEBEZFHTNEE (£) RRERZELER (&)
Fig.4-9 History curve (left) and energy spectrum results (right) of roll motion of a
semi-submersible platform in head wave
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H4-10 ZRMEATFEXNFEABZEANAEE (£) RAEZELER (F)
Fig.4-10 History curve (left) and energy spectrum results (right) of pitch motion of a

semi-submersible platform in head wave
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H4-11 @RMEATFHEXFEeAHEHFAEE (L) RkZHEER (F)
Fig.4-11 History curve (left) and energy spectrum results (right) of yaw motion of a

semi-submersible platform in head wave
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H4-12 @RMERATFEXNFERAUATHIBE (£) AL R (F)
Fig.4-12 History curve (left) and energy spectrum results (right) of mooring tension of a

semi-submersible platform in head wave

MiPE Iz 3 5 R a3 RE B A K] 4-9 F1E] 4-10 Frow, B T30RJ7 )3 x B,
KIHAEN s sh 77 0] EAr BARK, FERGZIE 8N )T M4y BAR /N . PRisshre il
Y GiashRe ik o il MiREaige sl Sy aise ®i oM. B
zzhd (B 4-1D)FZRUr 2 B LR .

B 4-12 NI T R EERZ I RA%S——1 S92 35K 7 LfeEit. 152
W& EIT 0 58 . WGsshJ7 i s— & MmERRA, #1 95K EERD
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TIRBARME, oo, MGG R BRI, S D REG . X
KU~ A IZ SRR (BE%/90 %), WUt RSk ) 5 I8 3h tAH K .

T=304.6s T=306.2s

T=307.8s T=309.4s
B 4-13 @RAERATFEXFEHLADA

Fig.4-13 Diagram of flow field near a semi-submersible platform in head wave

Kl 4-13 RIIRVEF NG i B, T=304.6s B 2|7 W, oS
BELES ST, ERIRAS B G IR AR, 724 TR RO, SEGL
R ERIRIET:, BT BRBRE RS Ol T=306.2s 5}, V& HF IR ITELE, 1)
SRARFEE IR KIINTE A, HEWIFIA L5 B KT, 7 & TR AR AR HE,
7£ T=307.8s 1 T=309.4s I}, VEARATIIRA T B 230, HlRE& il 7k
RIS . BRI, SEAE TR PR E A 2 S B G R & T m, ATRe
NP LR

ESCRRTE T BRI S A R, IR AEE SR 2, PSR T

69



L N U e AT

PR AR D2 B RPN . R IHE FEAERIRIGOL T O 90° O 1 F &
ARIEEWNIN S B HEEE. BTG ETRIREL Y, #HRSETnHiE,
REAVIMR . HARMEAE TR B W 4-14 P, AR &R R ESCh s
Bl E . T EERIRTE I T S NG THE IR 4-6 PR .

B 4-14 HRHFILT (90° ) A9 RAAAE BT H 3%

Fig.4-14 Diagram of calculation domain in beam waves

k46 HEFATIFEMEAHEEHMERITA

Table 4-6 Motion response statistics of the platform in beam waves

surge/m sway/m heave/m roll/deg pitch/deg yaw/deg

max 2.27 6.03 0.00 4.40 13.68 4.85

min -4.20 -3.07 -5.67 -14.29 -3.99 -12.09

mean -1.34 1.18 -2.41 3.69 6.44 -1.52
std 1.44 -1.66 1.07 5.36 5.94 2.82

SINTER 4-6 TIH, UENHRGER, PO BIMORMERE, BT
T G KA EBAERE, TE XSS UM, S mEsihE. T
MR A 1.18m, MOGIEMEN 6.03m; ME[MEFZIAE]-2.41 m, My HEshIREN
-5.56m;  SMARSE R IR S R

TS BT GRS R P B A R G AR, Gt EEAR 2 B 5Kk I 4
THME, R RN RN 2RI PHE LR ESCTR, RN
R S5 D7, W 4-15 Fios.
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47 BMBAFENT R0 FAESRERD %A (42 MN)
Table4-7 Force statistics of mooring system under beam waves (unit:MN)

A% T  max min mean std BN R
mll 6.97 1.44 3.29 1.30 1.15
mi2 6.74 1.47 3.24 1.20 1.18
ml3 7.03 1.50 3.20 1.16 1.14
ml4 3.09 0.74 1.59 0.43 2.58
ml5 3.09 0.75 1.59 043 2.58
ml6 3.10 0.77 1.60 0.44 2.58
ml7 5.19 0.80 1.88 0.72 1.54
ml& 5.57 0.82 2.00 0.81 1.43
ml9 6.05 0.83 2.08 0.88 1.32
mll10 7.00 1.34 2.88 1.15 1.14
mlll 7.17 1.35 2.99 1.24 1.11
mll2 7.43 1.37 3.16 1.39 1.08

R
mlll j ml3
mll10 @ ml4 == max
=@ mcan
ml9 ml5
ml8 ml7 ml6

B 4-15 ZakmKAFHEALER (%42 MN)

Fig.4-15 Comparison diagram of maximum and mean tension of mooring line (unit: MN)

HH# 4-7 A& 4-15 AT LA s A T PR a0 [H 77 [n) (1) R VA BESZ JJBOKR,
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TR RIALE A2 S/, 0 RIS #A~#7 . IR TR AN 1 VR TR R0 ~F 38 32 Ty it e K 2
ik 1.7MN.

TRIE APT RO T80 R G /N %4 R EMIHE, WE-FEMEINRECE
ANHH R BN A RBESR, JuHR#12 85, ZAER K, NI FarEizsh+f
KAWL AT BEEIEH K. BANH R 4-7 WIS RS2 R, HADIR I
FIABZ 1SR LT T TR T R R VAR, 1l BH IS 5 VA 4658 25 5 77 A 95 57 4
fio P T NAEE A2 4, RIAGIRILHITK 714 R DUREE T & 1% et

% H LRI T 00 BIE s 7 il 28 K bl I TE S H 1 R B il 2k R
4-16~F 4-21 i, S5 R 5IRELZAL
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E4-16 HEERTFEEXFEAFZZHTAEE (£) Rk HELER (F)
Fig.4-16 History curve (left) and energy spectrum results (right) of surge motion of a

semi-submersible platform in beam waves
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Fig.4-17 History curve (left) and energy spectrum results (right) of sway motion of a
semi-submersible platform in beam waves
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Fig.4-18 History curve (left) and energy spectrum results (right) of heave motion of a

semi-submersible platform in beam waves
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Fig.4-19 History curve (left) and energy spectrum results (right) of roll motion of a

semi-submersible platform in beam waves
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420 WMRMERATFHEXNFEYEEHNABE (£) AREELER (&)
Fig.4-20 History curve (left) and energy spectrum results (right) of pitch motion of a

semi-submersible platform in beam waves

5.0F
4.0
E 4.0
= 2l
0.0 G
3
T 30§
- =
4.0 P
g 20
-8.0 o
1.0
-12.0 L
1 1 1 1 L UU 1 1 1 1
0 100 200 300 400 500 600 0.0 02 0.4 0.6 08
Time(s) Time(s)

BH4-21 HREATFEXNFEAREAN AL (£) REZELER (F)
Fig.4-21 History curve (left) and energy spectrum results (right) of yaw motion of a

semi-submersible platform in beam waves
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422 FEHEHARGX T S ERIFN

AR RPA A R RN TG K Spar F &% RHBIP A RIE T %,
o340 Z 90 ST AR R L AR R 2 R VA BB AN [ AT AR 2, R TIE RAANFLR AT
FXF TP G K sh MRS KA R G852 IR

W 4-22 Frow, ¥ 6T \ﬁﬁ%ﬂ HivH R G Mmo, HisH5
421 TRRFE—3, #1. #6. #7. #12 PUSK RIAGEIE x J7 A, HA R\ S0
Ao PIRIE x HHIETT MG OBRD , IR —B ASKUSE, PR 1E 9 JONSWAP
W, A SO 6.0m, WA 11.2s, EIESHECN 2. B R R, WA
ZIF- 6 A T80 1 PATIRES o 7 & AR 3 B % R B IS 30 1 e B G T HE an R
4-8 Ffi7m o

11 8
10 9

B 422 A Xmiai Ak ETEH
Fig.4-22 Layout of the distributed mooring system

A48 A XRBHATFE S 8 b AEHRZETE

Table 4-8 Motion response statistics of the platform under distributed mooring system

surge/m sway/m heave/m roll/deg pitch/deg yaw/deg
max 7.18 0.63 0.00 0.62 15.01 1.45
min -1.27 -1.23 -3.68 -0.63 -1.41 -2.06
mean 1.77 -0.08 -2.11 0.02 6.80 -0.14
std 1.96 0.34 0.85 0.22 5.89 0.68

SINTER 4-8 BT, UENH RS EE. PFESMRXRAHN RS TR, TR
IR, BT IS RS2 & K AR AR, B FELUNG . EG LR
BHENRIZI AT FENRIEEN 15.01deg, TN 6.8deg; IIFIEHL N
1.77m, GWEEA 7.18m; FEAIVEFLN-0.08m, BOHGIRIEN -1.23m; 3 HER
EF-2.11 m, FEHEEIEERN -3.68m; [HE, BHTRFEKERERE, P& R
A E RN 5 4.2.1 AR A N R AT RS, R0
RGHTHMWIE R, fEEmiss) ENIESEE R, BT 9 H RS 12 3)
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iR, MAIZEME N (A 9B, BOZ VG 6.95m /A 1.86m, ik
INT T3%) o LRE, FERIFHABFAEAZRREOLY, SR EIH RS AT
X Gias AR . AT AR, oA R TR f R I8
ENEHA .
oA A FUHH R G TR R G IR, 23 B I A AR I BE K T

fit, 132VEER RIABERITK I NS AE,  IF 0 A TH SRR SR RIAGE I B 2 4 R
Gitsh B & 4-9 A 4-23 Fios.

% 49 A X ZAF LT RA R A& RN RHE (F42 MN)

Table4-9 Force statistics of distributed mooring system (unit:MN)

ESEE max min mean std /N A R
mll 7.55 1.21 2.97 1.45 1.06
ml2 6.92 1.31 2.72 1.15 1.15
ml3 3.67 1.60 2.12 0.37 2.18
ml4 293 1.48 1.88 0.24 2.73
ml5 4.33 1.29 2.08 0.64 1.85
ml6 4.94 1.20 2.14 0.81 1.62
ml7 5.53 1.09 2.07 0.78 1.44
ml8 4.54 1.19 2.05 0.61 1.76
ml9 2.52 1.31 1.84 0.22 3.17
ml10 2.97 1.42 2.05 0.29 2.69
mlll 6.13 1.31 2.67 1.09 1.30
ml12 8.57 1.23 3.07 1.60 0.93

mi12 1™ mp

mlll ml3
mll10 ml4
ml9 ml5
ml8 ml7 ml6
=0 Nax === mean

B 423 5 X R AFILT #0872 ASRETK R KAEA-F 5 {Ex
Fig.4-23 Comparison of the maximum and mean value of mooring tension under

distributed mooring system
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mlil ml3
mll0 ml4
mi9 ml5
ml8 mlé
ml7
= 5 SH T, el SR T —t T T, et 53T —— AT, —e— AT

B 424 Hhian A XA RAMKA RKM(L, $42 MN), FHECE, #42 MN), 7k
ZAE(E, #42 MN)&I#h
Fig4-24 Effects of mooring system layout on maximum(left,unit:NN), mean(middle:unit:MN)
and standard deviation(right,unit:MN) of mooring forces
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2 BRI BN (RIAZH3. #4. #9. #10) o SR EHLHITTE J7 187K
JIK, BEIRTT 5K T3/ INERE 55 STE RS S RIAGE IR KTK I X BIECR, hiadi
(#1. #2. #11. #12) SFEZE (RIAZH3. #4. #9. #10) B K Z(EAIE 6.05MN.,

421 HEER, HAARRANTF AL T N A 2 R4 215 KK )
ANF R RN AR ESR, JTHE#12495, ZhAEE K, BT aEEshth
RAEWTR P REMEAE S R A oA 7 0k R gEaK i, g 4-24
Frow, BERHHR A& RIAGNFER 5 421 o HEEN RS AL, RN
(152 IR 34T, DRt mT DL LRSS TR o0 R FE R A R RIEA . 25 b, 7E3HAR A
AR ITES T, B RS B T SO A R G A B AT A
HARW, AR TR0 F T R SReIEE .

TR0 6 5 R SRR, BIRER IS A SR, — R KE
TR T 7K T T FEAR R ZKIR TG B0 T RIASAK LT 6 7K 3h P e A 4 A &
G IIWIRE, K 4.2.1 T RIALE EEAEK 1000m, 28 AT R G R
PEUIER 4-10 From. HAMSEE 4.2.1 TP RFEE—80 BRI x BET RS i
TR BIRA—M AN, IR JONSWAP i, A X k& 6.0m, 1506
W 11.2s, RSN 2. B TORTCH, PIGEI %11 & 4 T8 b EpRESs, 1
G AARIS F 00 1R % B RIS B 00 LG T Wk 4-11 Fiow.

76



L N U e AT

* 4-10

HMARAIRAK
Table 4-10 The main parameters of the mooring system

wo mEas O Y e o ATIEREER b dov)
(m)  (mm) (N/m)
ks R4S %5k 1150 84 4.47756x10" 1313.2 7989
i RERLF4ESE 2650 160 4.67916x10'° 41.2 8114
B R4S i 1500 84 4.47756x10" 1313.2 7989
& 411 RE#ERAFALTFE60% 0 W B AL
Table 4-11 Motion response statistics of the platform with longer mooring line
Surge/m Sway/m Heave/m Roll/deg Pitch/deg Yaw/deg
max 6.12 5.43 0.00 2.54 15.88 9.47
min -15.93 -14.83 -6.36 -8.71 -1.22 -14.32
mean -4.72 -2.07 -3.06 -0.22 9.57 -2.00
std 5.15 4.62 0.98 2.11 5.12 4.56

TR 4-11 ALARL, BEH R GUE R RIASBUTT,  H T IAEEE B R
AREFBANRER, B EEUNG . M. I, 5T FEINEREMEN
15.88deg, “T-#4°4 9.57deg; HFIEMEN 1.14m, HAHIEEN 6.21m; [FK, BT
IRIMIMRE, FERMREE/N. 542,10 PR T RSB FIB O,
1B B N FEIE DX AN K, Ul B RIS BEX T G IS SR A K.

SOM, AT BRI I R EEE TR JURE, 45

S5 MR B TR I B E , R4 B o B 2 R I R N2 4 R L Seit o

RUNNEE 4-13 FIE 4-25 oK.

£ 4-13 KEEZR QWAL TR AEMERA BHE (£42 MN)
Table4-13  Force statistics with longer mooring line (unit:MN)

T RIA SRR T HH R G52 S

EEE max min mean std N R A
mll 4.87 1.63 2.73 0.79 1.64
ml2 5.06 1.65 2.71 0.81 1.58
ml3 5.32 1.68 2.69 0.84 1.50
ml4 2.76 1.12 1.81 0.38 2.89
ml5 3.36 1.09 1.77 0.37 2.38
ml6 2.58 1.07 1.76 0.36 3.10
ml7 2.14 0.98 1.53 0.32 3.73
ml8 2.12 0.98 1.54 0.31 3.77
ml9 2.09 0.99 1.56 0.30 3.82
mll10 5.16 1.45 2.42 0.86 1.55
mlll 5.46 1.45 2.52 0.95 1.46
mll2 5.61 1.45 2.58 1.00 1.42
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- 1) qX =—@== mecan

B 4-25 Kumkkhhin R A& mETKA R RAEA-F A 1L
Fig.4-25 Comparison of the maximum and mean value of mooring tension with longer

mooring line

P T
mlll mi3
mli0 ml4
ml% ml5
Wl o 2 mg . mi6 ms . ml6
a3t et - Dt iR

B 4-26 FhEEKEI R IASK A R RAE(L, $42 MN). F3E(F, #42 MN). frf 248(F,
#45 MN) 8 %R
Figd-26 Effects of length of mooring line on maximum(left,unit:NN), mean(middle:unit:MN)

and standard deviation(right,unit:MN) of mooring forces

SER GRS, IR KT ST K (#1443 #10~#12), HIRTH RIAS%
RRTKFEE N P RIATK TR . 5 E i RIAK BTG 2% RIAZTK 7
fome N AR, Pk 1 KA SFRSME R bR 22 AR Ak, e 4-26 Fios. W]
PUR AL H A 25 A AR RSO0 T, RNRIATK I RKANAREHE R, K RGN AE
A DA/ R VAZE FARER K T b IK IRBEsE, T R G E AR, X
Fak E KA, ISR B G Ok T BN 45% (#1, 3K 18 KAE M 8.87MN I
/NE]4.8TMND 3 X TRk J13ME L IR, BRI -7 & A 82 i B i /e
JUPASAS s 5Tk uAhnE 2248, ISR B S B K mT LA/ 45.5% (#1, 7K 77
PRUEZE(E A 1.45MN J8/N 3] 0.79MND 5 B [F] IS 380 R 9 85K BER 2 59 s vm &
G EE . WS MEE R SMBASE, IR SEBR T o N A Pk P4
HARRMNKSE, PEEGERMZ 2.
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T=328.6s T=330.6s
B 427 KEALTHFEXFERALAS R

Fig.4-27 Diagram of flow field near a semi-submersible platform with longer mooring line

B 4-27 SRR RTR RIBSERKI T & it 7T T G LA i s
T LEERIAAAE, 772 T R AR . BORIET . SRR S S L.

4.3 $EARGEERT KBS T F &M R AR

FELL BTN RIS e, 2R Ol s Tk Al 1 B2 4 R IR
i, “FEAREEIESIT R AEMIHRGWR, RIAR)E TG M3 KRBTk
W RAA, ARG CT G AR EUR AR R RS G Ol R, A0 BT 1R
THRGR GO 16 B BN A S5 5K FI 1 00, TN-F 6 880 R R RUS )
BAIEIL RIS ACTE L IRAEREHE , O T RIET S EB SO IR
A—E R zatt, T 65 E L R R BER N H Al i B 2 e T L AUK T
1.25 E@g;ﬁ[%][%][w] R
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43.1 AR RBFEEEIVRPEBHRGFEEPR BB EE

WL 421 TG EEZ 8 (RIALG#12) WiZHEDL T RIS shm R,
THRIRE . RERISY . SR RGENE . BIRRHE S AR R AR . TP
EARIE B NS H SN S HE, 5 RIA RGN R4E R
BEATXTEE, WEE 4-13 AR

& 4-13 FARAID R RFLTF6 6% 8 b B30 raitd
Table 4-13 Motion response statistics of the platform under partial failure mooring system and

head waves

surge/m sway/m heave/m roll/deg pitch/deg yaw/deg

max 7.02 3.26 0 6.13 16.19 2.25
min -5.18 -4.65 -4.57 -15.38 -4.51 -10.65
mean 0.77 -0.59 -2.34 -0.36 8.38 -3.25
std 2.04 1.51 0.98 4.85 5.42 3.09
max(inact) 6.21 5.78 0 1.79 16.8 9.54
min(inact) -3.32 -1.17 -5.18 -7.8 -1.29 -5.29
mean(inact) 1.14 0.85 -2.48 -1.29 10.1 1.67
std(inact) 1.71 1.37 1.12 2.05 4.62 3.22

SR 4-13 Al A1, HENARG R R FEoHARNT, FRE AW
i, BT PR R 6 K AR R REAR, RIASW RGN G125 PR
125, BREISANE I n. FENFIERTLER 12.2m, KR THHRS T
UL IIZE 3 9.53m, 380 7 28%, HARHEZEMEIGIN T 19%; BEREMTEHIN RN
SEREIE LR 9.59deg, BEINF T 21.51deg, WM T 124%, FRAEZEBEIN T 136%:;
PR TG A R IA S S L T ) 18.09deg, MANF] T 20.7deg, HEINT 14%, Fr
HEZAIEIN T 17%; LA EECHE B 185 R4 R R UG, #iH RN AR I,
X6 BIALE R B BE 1R 22 . BiTH RS S8 BN T P S8 s A SR .
T RAL 128K )5, #iHRSEAFRNFR, PR EAER RIS KA,
AT S5 A 3 8 B A RS

O3Bt A Z G0 — AR RE IR LIS S T A R G RIS, SR I
(1) R IAEETK TRHIE S B 2% RIAGE I/ N2 R, S50 3R 4-14 R 4-28 i

7No
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& 4-14 508 Ry KRB RF LT #A R A& REEK ) ot E (£42 MN)
Table4-14 Force statistics of mooring system under partial failure mooring system and head waves

(unit:MN)
EEE max min mean std /N A R

mll 7.73 0.90 2.61 1.11 1.02
ml2 7.64 0.92 2.67 1.11 1.03
ml3 7.44 0.97 2.76 1.12 1.06
ml4 6.08 1.01 2.48 1.04 130
ml5 6.73 0.97 2.57 1.13 1.17
ml6 7.11 0.94 2.63 1.19 1.11
ml7 432 0.67 1.54 0.56 1.83
ml8 435 0.70 1.57 0.55 1.82
ml9 439 0.74 1.63 0.54 1.80
ml10 7.94 1.12 3.07 1.40 0.99
ml11 8.86 1.12 3.36 1.62 0.89

mli2 IDmII

mi11 —
ml10
ml9
mis ml7
—— ZHEGRE ——EHRGEE —e— Rk
—e— ZIHFR T A —e— EiHFR SR R —e— RIHRGH L

B 428 FARBLENNRIALEKARKIA(E, 42 MN). -FHME(P, £42 MN). &
B EZ(E, F42 MN)##vh
Fig4-28 Effect of mooring system integrity on maximum (left, unit MN), mean (middle, unit

MN) and standard deviation (right, unit MN) of mooring tension

—RARPLRAEMRIG, & R\ IR RE S EAR BB IR J7 W5k
IR (H1~#3. #10~#12) , HIRTTIAITK I/ (#4~#9) KRR o WrL4s (1) [R] 44 AH
AR8E F 5K BRI, WG RIASE (#6) FoRK JJ R MES N, [FME
& ER R —HFRIAS #T~#9) E RS RTK 7780 sk )N o W24 i 48 ZE 0 Y 2R 9
45 IR R TR A A [ R P PR 0 K i I 2R VA1 4 T R 2 588 ARk ST 23 A

WiZdJa, % RIAZESK J1-PIME S Tk ubrvE Z AR U R 5k 7y d KA — 3
DAL 2R VA 08 40 2 50K 22 A AR B R 7K DT3GR, BB R, MRPEIE, Ihi
THRGA L /N2 A RBUESR, HiH KRG AR GR, 28 2 & R R A AH 4 R AL
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K429 —ARZASHEFATFEKXFE 250K

Fig.4-28 Semi-submersible platform mooring line shape with partial failure of mooring sytem

B 4-29 LI (K18 20T & 10 R B GEAR, R IUE R A 28 I 24 40 R S A B
AN THROIRES, HHAR 9 L MBERIIRZE R BOR, X B 1 HTH 28k 2
eIV S S O EE 0 AL SN P S

432 HHRRBTFEENUR F#HBRRBHER G HEEL

n4.2.2 IR, A AR R GBI N AT 2 AR BE4E 52 2 B KK
TIANER R N2 s R EOR, JUHR#12 48, ZARE R, Ik G1Eiss)
R AW AT REPEAR K. TR A RIBT EELEERZ L (RIAL%
#12) Wit DL N Issh N, THEIICE . AR RIS B AR GUEE . PR
PESEHAR SR AT ORIF A . et T G ARSI R 25 H B s RN, 5 L
HARG BN T 6 ERE P IMEREIE, W5 4-15 o, g, e
N (RIBGERR GO s IR - R iR e A RIVIEENIEL) /RinsBa Rz
M

& 4-15 oA XEiaR AT RAFATFE0E b A AR RTA

Table 4-15 Motion response statistics of the platform under partial failure distributed mooring

system

Surge/m Sway/m Heave/m Roll/deg Pitch/deg Yaw/deg

max 0.2 4.55 0 0.55 0.13 1.22
min -8.67 -0.56 -3.93 8.18  -1484  -8.07
mean -3.96 1.35 -1.94 -3.13 -8.98 2.55
std 1.72 1.04 0.78 2.04 3.1 2.01
max (intact) 7.18 0.63 0 0.62 15.01 1.45
min Cintact) -1.27 -1.23 -3.68 -0.63 -1.41 -2.06
mean (intact) 1.77 -0.08 -2.11 0.02 6.8 -0.14
std Cintact) 1.96 0.34 0.85 0.22 5.89 0.68
g 5% 175% 7% 598% 9% 165%
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TR 4-15 W H, HEIHRGURERRL T AR ARH, SR,
M1 TR A AT 5 A AR MR, B3 EE UG g MARRIZ 5 5E
SN T ARG BT G ARG IS S E 1L FIREROR, Xt dT
BARTT ARSI s 101 G IR R IAZE W5, BRI 35 18 sl £ 7 1) b IR e e
Ky XA T 1280 B R E I

ATREIA R GHE K RINGR)E, BiRiss) CPalteg . B L EREZ
) KIgIE N, SR 100%. BEARRIASE 1264 A WIRE_EBCA ook, H
H T Wi S A REAHXFR, NHisshi FEREG RREs), BTl
H ARG e B BRI ZN BN, R 2 (A3 B a1 s 2l K i R,

ik, AR SR, EREE R G0R R Rk A 5K
BEE 5. 70 Mo A 2B A R GEWT RN XS T80 R G032 JTRIREM , I AR SR T B
SR AVRFIE SRR 2% ARSI /N 2 4 R BUE R W T 3R 4-16 ATE 4-30 Fro

% 4-16 A X Z GBI EANEN TR0 &5tk A %ita (3245 MN)

Table4-16 Force statistics of mooring system under partial failure distributed mooring system

(unit:MN)

ZIAY max min mean std N R
mll 6.67 0.93 2.16 0.94 1.20
ml2 6.65 1.09 2.78 1.05 1.20
ml3 4.46 1.15 2.20 0.62 1.79
ml4 3.70 1.16 2.08 0.54 2.16
ml5 6.01 0.91 2.28 0.86 1.33
ml6 9.26 0.87 3.21 1.69 0.86
ml7 7.46 0.63 1.66 0.80 1.07
ml8 6.15 0.83 2.06 0.92 1.30
ml9 4.17 1.07 1.98 0.59 1.92
mll10 4.86 1.40 2.27 0.58 1.64
mlll 7.08 1.24 3.22 1.08 1.13
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mig mlé ml8 ml6

mi7 ml7 an -
— [ 5[ ST —— [ ERSTY —a— FEbK
—— T —— T —— RHRE

B 430 #H XFZAFALT R2AFARTERN R ALK R KME(L, #1452 MN). -FHE(F,
¥43 MN)., 4R Z2(E, #1412 MN)& R R
Fig4-30 Effect of mooring system integrity on maximum (left, unit MN), mean (middle, unit
MN) and standard deviation (right, unit MN) of mooring tension under distributed mooring system

WiEd e, & RIAS5K I HE B B R 2BLHEINGR 5 5K /1K, MR TT ]
5K T3/ BRE . (HISTER T RIASE (o) J KTk Ay RIESE I, RA5 x fik
i 180°HIAHARLE (#1) e KK 1A Wi/, LA R B R IAGE5K ST #A A
FIFEERIE . i ESCRT A, RIAZi#12 Widd)a, HZisshBuT x-J71m, Bt
#1 5K TN, AETXHI#6 . #7 SRR AN oK. AR B 4-30, 5K A1
A EA AN X FRIASE (#6) ~F 25K 1 RIE a0, A8 <8 B~ 47 IR (1)
BT RIS TN, #6 AHRLIATHIRSE (H7) Y35k Tails,  1hAH 48 1R} B 2%
(#11) “PEI5RIA PN, HAbRIFGE K ITZAA K.

HI3R 4-16, UL 00N 2 AREE 48 32 21 1) £ K 7K 77 AN PRt A2 fi /) 24 4 2R B ) 22
R, JUHGEHO 4i, ZAARE K, UL 4-30 T H#6 HISK AIRRAEZER R, BRI
B LE#12 BT iz 3h bk A AR BEAN 4R WA 1 mT BEPE AR B R

4.4 KENG

A BT AR BB 2 R 07 I SO S AEAN R B T )iE 3
Wil B2 FEAT 140, 3 T H L 1% S AEHTE R G585 I R G R R ARG LT
(R33N B A BRI R GER I, 73 Alhie A RIS A E . AR R T7 AN E &
AR RIREm, R RE RIS TV A T IR AL, AN [F] T TR Y
XTH, RRIL T 45

1. “FEiEghh, ZERKNRN\GRA T LT K, & THE
EECE I RS2 iy RAGK 158 NG EHIBERREK.

2. EHARFAFABRER T, #HRENWE TR RAZ 1AW
B . FHEL T H R, A RIS T IRl A 12 2 A A (183538 Bl
INT T3%)
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3. MHEZKIFEOL T, R\GKK R\ T AN T Gigsh#m AR, HalL
AR RIALE LK T GBS 45%) IR TR SRS Eh A, TR SERR TR RN Y
ST R EAN 2 A

4. HIHRGE R TR TP S I2 3 AR . #0250 K305 R
B ARG, HHREANFENIR, HHRGHNIEERES, &7 RIS shEEEm (2L
A%, WG T 28%, BEREIEIN T 124%, PRGN T 14%) ;

5. RIMGW R 2o Rk ST . RINGALE, R4 AH S04
BRI, 5 T 1 AR VA A 4k 2

6. AR RW T SERH RS R RN HARE, HFEERT
MMIZ3) (B35 . MERRIZENHE K 100%LL FD .
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BRE WHRERBEMEHIERR

KPR R, EHA RGO R AR T, Dyt G Ho A 5 B AH 2%
Wigd, SECEEJER, BRI RO R R e BB BE N 5K S 1 DLREAT 0 hT . AR
VU A, RBLFEFES DL R IAGE I R0 T7 3R] PR L A2 0iE sl L ) 17 0
AR R IA5K T I A B B IR TUIE K RIS R T A R SR R AL
Ja 5K 1550 .

5.1 LA 50m XA R G EHEP R F Gelin B B 5200

T OEKETHHRG R CGF 4 Fh RA%i#12 KAEWZD A
REG, KPTARIS 11 8N EREEE 50m, RIAZEK 4350m. &8
A R G BRE LR 5-1 foR . IRIFEHAM AL (R 00 A8, HE
BB 4.2.1.1 FHUR, #A% 1286 AEWED , RS E . MR H#
RGEME. BRFESHAMFARIFAL, FEEFERE, R E HHE,
Guitis S RIHEWE 5-2 B, Siit-4iin RS R 0 SE i s sE sk 1 gt E,
® 53w, HIEEA RGN KRGS AT I, 5-1 Fis.

k51 WAFRAERAEK

Table 5-1 The main parameters of the mooring system

wor gm0 I e gy AT RIIREER b e 00
(m)  (mm) (N/m)

F# R4S A% 200 84 4.47756x10' 1313.2 7989

thig  BERLF4E4E 2650 160 4.67916x10'° 41.2 8114

TES R4S AfibE 1500 84 4.47756x10' 1313.2 7989

k52 HRARAIMHS KA. FALEKSOMmFAT-FE6& 8 REZHRELITE
Table 5-2 The motion response statistics of the platform under partial failure mooring system and
50m extended

surge/m sway/m heave/m roll/deg pitch/deg yaw/deg

max 7.53 2.68 -0.35 4.04 15.74 4.10

min -2.45 -3.28 -5.00 -1.90 6.86 -12.04

mean 1.98 -0.56 -2.46 1.66 11.82 -2.72
std 1.79 1.15 1.01 1.28 1.68 3.87
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%53 RiAFRANH KA. FASIEK S0m LT &HEEK ) L (242 MN)
Table 5-3 Force statistics of mooring system under partial failure mooring system and 50m
extended (unit:MN)

max min mean std %jj%ij(
{EL P *
mll 6.21 0.98 2.35 0.99 19.66%
ml2 6.04 0.99 2.36 0.95 20.94%
ml3 5.75 1.02 2.37 0.87 22.72%
ml4 4.46 1.05 2.34 0.70 26.64%
ml5 4.88 1.06 2.44 0.80 27.49%
ml6 5.12 1.06 2.51 0.87 27.99%
ml7 5.48 1.05 1.81 0.62 -26.85%
ml8 5.39 1.06 1.84 0.61 -23.91%
ml9 5.21 1.07 1.90 0.60 -18.68%
ml10 7.43 1.22 2.95 1.36 6.42%
mlll 7.97 1.18 3.18 1.56 10.05%

KA R KA A ALK 50m B TK ) R RAEARL T 43.1 Pk R KAA SR,
HANXA (431 TP ZFAMA-2EK S0m BEHR A R KAL) /43.1 TPKA R KA.

—— {0 R EP ] == L 50m — (I R AP R Y e FE 4S5 0m —t— {HIH S EE Y e HE50m

B 5-1 #aBdRARIEK SOm ZASFELT RA8KA R KMA(L, £42 MN)., F3H14
(*F, #4z MN). 4k £46(%, $42 MN)
Fig.5-1 Effect of mooring system integrity on maximum (left, unit MN), mean (middle, unit MN)

and standard deviation (right, unit MN) of mooring tension under 4350m mooring system

WP 5-2 23R 4-13, KIVAERETH R 4t a3 2R RS Ol T B KR RIAZE 50m,
ST EIBAEMAKR. HEE 5-3 FIE 5-1 7750, BT 50m KERIHHH RS,
50T DL 9N i 32 252 ) b R ik 4T 20% I RER . B T RIALi#T~#9 LA
Ah, oA RIAZE R FIEIN T 20% 4, BAR#T~#9 T85O TK S BT
0, ARSI 25 SRR AR 1) B KK 7 S NS4, 0P E R e R e

o

Bk

W1 BRI, ERTH R SR AR RGO SEK 50m SRIASE, X T 5K 711
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AN, A R] DUAT RO/ i B 5K 71 MIbs 22 {6, e T BA)S 28.8%(#6
FIALE) 5 BRI FR A58 T AR N R G0 R B BT B T 57 S BUR IR i it
— BRI AT RENE .

5.2 JE1K 1000m XF 5870 R G SE BB AR fa ZR LM M RS2 AR

e b IR b, AR RE, R AT IR I ROR S e KA R K R 2
MR FR. MTOEKETHHRG IR (GF 4 T RiA%i#12 RAEWZD
WA RS, EKFTARIR 11 FENGEE EEHEE 1000m, RIF%EEK 5300m.
IREFHAB AT AL GBIR 0° NS, THFERE M0 4.2.1.1 TR, HiHSE 124K
AW , TR E . PRSI ST RS ENE . BORRH SR AR S A R AN
3, FEBEEILRE, JIBTE B EE, SuitiEshgiiEwnE 54 for, Gt
AR FER R EEE Ik IR AR 5-5 s, 5REHTA RGBS R E K& B4
AT R, W 5-2 s

RS54 BAFRAINRSRA ERBEFATFE0& 8 EEIN R EITIE
Table 5-4 The motion response statistics of the platform under partial failure mooring system and

mooring line extended

surge/msway/mheave/mroll/deg pitch/deg yaw/deg

max 746  9.31 0 3.72 0 10.79
min -11.36 -635 -492 -649 -1558 -18.18

mean -2.67 344 -258 -135 -10.66 -3.33

std 3.56 3.6 091 2.02 3.57 6.38

HEEK 4300m izshialE 122 791 457 2151 207 12.9
K 4350m IZZNTEHE 998 596 465 594 888  16.14
EEEK- 5300m IZENTEE 18.82 15.66  4.92 1021  15.58 28.97

K 5-4 A THIARGRIMRR, AR g g NS iHE &g
AN L, B3N NIZ B i R Al - B ME . o] WEE 30 T R K
AU XTI 8% IR BERRIEE), & U R A% KA T LU NE )
VO, HRR\EKEE ISR, W FEEEIRE RGN, §EisshiEsE
RAGK RIS MmE . 5 4.2.2 R SRAE, H#iH 5505850 MK B K
FEXT T 12 B B2 AN K, AH 985 TH RS0 R AR AT, KRR Bk 5 Bz sl B
.

AR EHNARETESOLTUIETMZEENE (EH
-1.22deg~15.88deg) , HT 1241 &, FERPLGMAEEIEEEHT RS
SERERE LT LA T [3E B A T (-15.58deg~0) « RIS G BT ia 3R 1) 15 Sk (2
{H-2.07m 2274 3.44m) .
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ST AR R GRS, ZEK 1000m RIALENT T-85 10 R S052 J1 15200,
BERS B R IASESK RIE B2 RIAZE I BN 22 4 KRB B an R 5-5 F 5-2.
K 5-3 ATz

% 5-5 REiA RGN, KE K 1000m H LT &AEETK A L (£42 MN)
Table 5-5 Force statistics of mooring system under partial failure mooring system and 1000m
extended (unit:MN)

max min mean std %/J\%é R K 77 B *
R
mll 3.05 1.31 1.87 0.34 2.62 60.54%
ml2 3 1.34 1.87 0.33 2.67 60.73%
ml3 291 1.4 1.87 0.32 2.74 60.89%
ml4 2.63 1.2 1.74 0.32 3.04 56.74%
ml5 2.57 1.2 1.78 0.33 3.11 61.81%
ml6 2.7 1.21 1.81 0.34 2.96 62.03%
ml7 34 1.25 2.01 0.36 2.35 21.30%
ml8 3.31 1.29 2.03 0.36 2.41 23.91%
ml9 3.16 1.35 2.07 0.36 2.53 28.02%
ml10 3.47 1.53 2.48 0.49 2.31 56.30%
mlll 3.59 1.52 2.49 0.52 2.23 59.48%

*7K /] R KBTS W A 452 K 1000m B 697K /1 | RABEAREE T 4.3.1 T a9k m KA 5,
HHEAXA (431 FPEKAHRKA-EK 1000m B KA & KAL) /4.3.1 F KA F K4,

mll

mll2 4 ml2
mll1 ; ml3
1
ml10 0 ml4 — = Nax
=—@=mean
ml9 ml5
ml8 ml7 ml6

B 52 RASKE 5300m i RIARAFAT AR ASMERIR KA, FHE (24
MN)
Fig5-2 Maximum value and mean value (unit MN) of mooring tension of mooring system under

partial failure condition of 5300m mooring line length

XFEEAR 5-5, BT 1000m KEMIETH ARG, Al LAEAS i 2 252 Ty 4 e Kk
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and standard deviation (right, unit MN) of mooring tension under 5300m mooring system
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