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A Study on Storm Safe Mooring Assessment

of Offshore Structures in Squall

Sang-Joon Yoon

Interdisciplinary Program of Ocean Industrial Engineering,

Pukyong National University

Abstract

The design methodology of offshore mooring system has
been settled as industrial standards and guidelines by
abundant references throughout long times. This offshore
mooring system has various design requirements in the
installation engineering.

As the representative engineering item in offshore mooring
installation, storm safe mooring is to identify the minimum
number of mooring lines required to meet the storm safe
mooring condition during installation. During mooring line
hook—up operations, mooring lines will be successively
transferred and connected to the offshore structure. Once
the minimum required lines considered to be storm safe are
hooked—up to the offshore structure, the supporting tugs for
station keeping will depart the installation site, and the
offshore structure is to be completely supported by the

mooring lines.
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The oil field of West Africa is governed by squall which
are wind episodes characterized by a sudden increase in
wind speed and direction over a relatively short duration.
Although a large number of studies have been made on the
offshore mooring system design including storm safe
mooring, little is known about the design procedures settled
for this squall condition so far.

In this study, it was performed with storm safe mooring
analysis for squall in quasi—static and dynamic. After the
results were compared, the several alternative analysis
methods were proposed for the time saving in installation
engineering and the results were also compared with the
conventional analysis results.

Based on the results presented in this study, the following
summarization and conclusion are made:

1. FPSO with 12 mooring lines and the squall environment
were defined respectively. The evaluation process and
limitation were established, then the quasi—static and
dynamic analysis were performed.

2. The quasi—static and dynamic analysis results have the
differences by 11~58% from the criteria of maximum
tension and 10~23% from the criteria of maximum offset.

3. The maximum tension was selected for the significant
index of the storm safe mooring analysis, it was pointed out
the relation between the maximum tension and shorten
analysis time window throughout the investigation of time
series results in squall environment. The three kinds of

dynamic analysis and one additional quasi—static analysis
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were proposed as alternative evaluation procedure in squall
environment.

4. First, alternative dynamic analysis I (Dynamic™); constant
maximum wind speed of squall for 20 minutes calculation
was proposed. The results have 0.1~1.8% difference with
the 3 hours conventional dynamic analysis methodology.

5. Secondly, alternative dynamic analysis II (Dynamic™);
time series wind speed of squall but fixed wind direction
for below 20 minutes calculation was proposed. The results
have 1.0~2.8% difference with the 3 hours conventional
dynamic analysis methodology.

6. Thirdly, alternative dynamic analysis III (Dynamic™™); time
series wind speed and direction of squall for below 20
minutes calculation was proposed. The results have
0.7~3.8% difference with the 3 hours conventional dynamic
analysis methodology.

7. Additionally, alternative guasi—static analysis
(Quasi—static); constant wind speed by peak value of 1
minutes averaged wind velocity in scaled squall time series
for quasi—static calculation was proposed. The results have
0.3~4.6% difference with the 3 hours conventional dynamic
analysis methodology.

This study needs following verification with various
additional squall time series data. There remains a second
question: how different in various parameter, e.g. floater
type, size, weight and mooring lines configuration, etc.
Finally, it is remained also more calculation cases by the

variation of irregular wave seed.

- XVl —



Despite of the above Ilimitation, it seems reasonable to
conclude that this study would be effective as alternative

procedure to provide time saving engineering.
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Length overall (m) LOA 300.0
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2.2 AFA2H

2.2.1 AFALE 71Eu]H]

FPSO AFAIA®E] 7|2 x =+ Fig. 2.3% #Zth

AFAI S F 12719 AFEle 7HAH, 4712 F8AH F,
A JFed 9 An 393 el A 37148 9] AlFEile] A4y
= FHolt. 4 2 aH Y ARRIES sdsA 47 HAHeR

Atk AFAAE L AFrE Bsdhs F5 YEFEXp =

siAmel ol Aolg wgstel AFerl WE B AHEE

dAsion, e ARelY F3AYE s 2,500 m7t

- 1,07 62,
A4 PA3
PAS, * E
PAE L% 2025 ¥ PAT
%\ =/ o)
\ % g LEYS
<\ re 9 % &/ & &
%% ¢ &
G | V&
&\ /] o
\ ol K
L& 1Y/
" y /’
/
iy
/ ,"{
\ YF /‘._/[’4/
PFOLPFA" _ —
( PF5 X FF}J‘T
F FPSO
- 0.9 - +— +——= HEADING
DIRECTION
FP$O J
‘ SES $F2sF
SF6//8F4, ANy
/ AN
.,"
T I3 233
TS DEBy
Yoy & B % T\
AL 2 \
i 3.\
v 9 \\:
SAsgAs‘( Y B
(v 53

Fig. 2.3 Mooring arrangement and ID of fairlead, mooring line
and anchor.
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AFerel P1HE P67MA= &3 (Port) AFHE AunjwgEow
w7l WMol S1HE S67FA+= 98 (Starboard) AFHE 4w
7

2.2.2 H°]8 = (Fairlead)
Table 2.2+= FPSO =5 37 e dojg] = (fairlead) F3E3k
ot}

Table 2.2 Fairlead location in local coordinates system

Mooring line Fairlead location
(Fairlead ID) <allud b () 5 \ ()
P1 (PF1) 140.77 24.97 9.b
P2 (PF2) 137.70 26.64 9p
P3 (PF3) 134.66 28.30 9.5
P4 (PF4) &131.50 30.00 9.5
P5 (PF5) =134.30 30.00 9.5
P6 (PF6) —-137.10 30.00 9.5
S1 (SF1) 140.77 —24.97 9.5
S2 (SF2) 137.70 —26.64 9.5
S3 (SF3) 134.66 —28.30 9.5
S4 (SF4) —131.50 —30.00 9.5
S5 (SF5) —-134.30 —30.00 9.5
S6 (SF6) —137.10 —30.00 9.5
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2.2.3 YAFE(TAP)
Ao AMEH o224 BA FHEZ(TAP, Theoretical Anchor
Point) + o}@] Table 2.33 Zt}.

Table 2.3 Theoretical anchor point position in local coordinates

system

Mooring line Theoretical Anchor Point position
(Anchor ID) xp (m) yr (m) z. (m)
P1 (PAD) o 5§90 L7 2-1.90.06 —1,269.72
P2 (PA2) 1,233.63 2,273.63 —1,269.22
P3 (PA3) A/ 1018 2,346.26 —1,268.62
P4 (PA4) —1,068.02 2,347.69 —1250.55
P5 (PA5) A 35025 B G0 —1,248.27
P6 (PA6) —1,387.10 2,195.06 —1,245.53
S1 (SAD) ¥ 3977 =2-190.0¢ —1,241.62
S2 (SA2) 1,28=-03 —2,273.63 —1,236.88
S3 (SA3) 1,071.18 —2,346.26 —-1,231.97
S4 (SA4) —1,068.02 —2,347.69 -1,172.14
S5 (SA5) —1,230.23 —2,276.99 —1,168.37
S6 (SA6) —1,387.10 —2,195.06 —1,164.96
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Table 2.4 Specifications of mooring lines

Mooring lines
Item
Top chain Wire rope Ground chain
Type R4S studless | Spiral strand | R3 studless
Nominal

diameter 152 108 127
(mm)

MBL (ton) 2,280.5 1,306.8 1,241.2
Welah) 0.462 0.063 0.323
(ton/m)

Axial stiffness | o3 003 114,215.8 140,424.2
(ton)
1,967 (S4~S6)
Length (m) 40 1,980 (S1~S3) 855
2,000 (P1~P6)

Table 2.5 Paid out length of mooring lines from floater

Mooring lines
Item
P1~P6 S1~S3 S4~S6
Paid out length (m) 2,985 2,875 2,862
SSW end length (m) 2,007 2,020 2,040
Top chain end (ton) 40
Horizontal length (m) 2,500
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2.3 HEA

2.3.1 437 34 334 (MOSES)
MOSESE ol&3 =44 &4 AxA= Fig. 2.49 2t} Fig.
2.5 MOSES® REgd AFAARS Rl 7ot

P1 ° 51
P2 S2

P3 @ s3
Heading | 0 deg
I
I

Environmental Loads

90 E) A 2270
P4 ﬁ s4

P5 180° S5

P6 S6

Fig. 2.4 Mooring system modeling in MOSES for Quasi—static analysis.

Fig. 2.5 Modelling of mooring line layouts in MOSES.
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2.3.2 T3 34 FEA (OrcaFlex)

@ dl
=

-

OrcaFlexE o] &3t 54 3|4 H¥EA+= Fig. 2.63 2o} Fig
2.7& OrcaFlex®

98 AFAAYE HoelFi Tgolrh

R | L2707
41 '

| 700 m \ ..'
ll . |II lll | i \
BANNRE S \
a \. \ |
_ A B L \
Environmental Loads | l' \l : PF;:S |
> ' Rl e
N i = P
e g X L 1ap° |
Faw o | / 180"
51 II| ;’ R ’ \ \
i \ i \ .
| '-,1 ! gqtgltiom: ‘1125 ng_ I'|,
| 1 1= b | \
'I;Ieading_ﬁ_.l‘l S5deg N \
NANE \

= i H
'3 [ p]
Fig. 2.6 Mooring system modeling in OrcaFlex for dynamic
analysis.

Fig. 2.7 Modelling of mooring line layouts in OrcaFlex.

_16_



= FRA ATl AR el ZAPALdEe

7bset AR Eo]ERE RIEA] oEhA PP o] H o
of sttt & Ao AFAIAYE 4719 FHAHE /HHL gle
HZAAAT = 47K, 871 = 12708 AA AFekle]

—_

A4l 9 374 WA AR A 2N B
Qs B A S A A YA W, =
F 9 sge 100 aAoR AUl s #4S st

Table 3.12 7 @A AlFeel 44 Alugl s AAs Aot

Table 3.1 Analysis cases by connecting mooring lines (ULS)

Analysis cases ) ) Figure
Y Mooring lines &

(Number of lines : ( —— connected,
connecting order
connected) planned)
P1 S1
4 lines S1, P6, S6, P1
P6 s6
P2 S2
8 1 S1, P6, S6, P1 —
nes S2, P5, S5, P2
P5 S5
S1, P6, S6, P1 —  7® s3
12 lines S2, P5, Sh, P2 —
S3, P4, S4, P8, o

,17,



3.2 84 WY

2 Adshs A4S Wolzke] slpaeln, ol at 7

°
o
S
7
<
)
—
\\]
(@)
>

Squall time series Data Tuning ‘.
{ for Target Return Period :

----------------------

Modelling of Moering lines connecting : 4, 8 12... (3, 6, 9...) in ULS

i Selection Squall + Current
i - Max Tension & Max. Offset !

i Squall, Wave, Current
: (All Combined)
I

1]

]

]

]

H ]
H . ]
....................... v % N ER - Max. Tension i
]

]

]

1

s

Waves Combined (Governing) i - Max. Offset
i -Max Tension & Max. Offset : |

Check Design Criteria (Intact 10Y RP)
- Tension(SWL), Offset(Allowable), Seabed Clearance of Wire

Failed @

Passed
A 4 l
=
—rr:;ds Station keeping tugs Storm safe condition

Fig. 3.1 Methodology flowchart of storm safe mooring analysis.
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2 g 9o, 3 Fa5 FHA &% $HS 44 A ke
54 dldo® AatEt(API RP 2SK, 2005). o714 44 3l
Al gt 93k Fols s 9 i &% (wave induced motion) 9
ofgt ALl FA oA gt o g ItFsh= Aotk AR
18 FALEolv AF, A4 9@ A VHEEE FAIEHEER, o=
QR19 Gk oaf AN A= HAP7F LAY = QU

B ATeM e FIXAAF BIEE A =44 Al 48

A g g3 MOSES(Ultramarine Inc., 2014)E& AFE-3ST

n
st (Hydrostatic) % &% 38 (Hydrodynamic) 7]
X EGo]olty, FPSO ¥ EFE A4 mad
A ARERE BA AdF, FRIAS HEste] AR sy
- A 2] (Transportation & Installation)
Ao = Wol ARREH I Q. & a4 ZE T30 ZAEE AL T
Hell thdt AFE-2 Bentley systems (2014) 9 55 Qlth

= Agtel AEd A FFAAAT =44 A e of

B
S,
N,
>
it
H
it
<
>
ol

= 9% QIAbEs FPSOS] At ol A7) tehte 9le A
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(Orcina Ltd., 2018)E& AF&3sl3ith. OrcaFlex+ 3 #fo] A
(flexible riser), Fo], Alo]& XA, F5n] Hx] 5 g tho
U~ (Line Dynamics) 7|8Ee] st 2 AF 4 & o]
th 32k HIAE S AR " Fa oA F Y 9
ow, 3 dEAMY 3 Ve ol (Python), "HEF
(Matlab) & W& AZE9 o9 &

OrcaFlexE o] &3t HIMAART &2 a4 Wy kA vekd
Fig. 3.1°14 & =+ Q&= wheh g2

1
A4 8 e st 9E A% AAY ARE @

ok ol siAle fla A" Edol

viakel] AAQd dgs Be A AR ZdH, HR9 s s
3l Hl5Y W3FNon—collinear) ol st AEL +3P 313t

o] 9 99 =& 4E&T AAHolA Do H I Hrjjol

AAZ 7L 8871 olWAAE &Rk, olF WFHshe A-F 9o
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QAN W Hauekse] fialAdE= DNV-0S—-H101(2011)¢ 2
eI T

1}-0]

AR Sl e 2R E 10 m o Fold] 108 B Fse ARET
Az g9 g BEARE S AEd oy A FEH oA,
NFT2E AFAAE AAE A% F&E2 100d AEF7] F5
S A3 (DNVGL-0S—E301, 2015), AFAIAHE Ax #HE
g fst 5 AA &4 7Iztel whet ok Table 3.2¢04 7/
¥ 7E F5S AR

2 AFolA g R bR AR dAlFEA A 309 o
ol zZjolmw migt 7jEe 109 A9 F5E Abgetd
g 10d AEF71Y 108 B 52 dEF 20~23 m/sec?d
Aow G oH, & AFolMs X249 713 5] F
TEONIA =AY T #he® 20.7 m/secs ARSI

Table 3.2 Acceptable return periods for (characteristic) wind
velocities (DNVGL—0S—-H101, 2011)

Reference period, 7} Return period, 7
Tr < 30 days T, = 10 years
T, > 30 days T, = 100 years

,22,



332 22 4 T3 34 FH
23 (Squal) 2 A#e E33 Add HFH2 AF9 vlgoz
gux vk AFEs Fure AL A9 il 4 &

& FAAFIEE, ol thy] BFo] sidel #HH FYoR
A
e

o

alil

EL

A]

1>

=2 A7 Go oA =, 1 ol HA FA% &
Z(&FHY 20~40 m/sec) ¥ FTF WIS dov|e= @ol7] HiE
ojth, webd AdTH T ARAFI} ofd dF BF AEHo
72 FE Jb5ste] AEot AR om wekst Aot o] 71

of & 3 o]yt AF AAL AEE HIANE HH
2F A9 dojA, FPSO$t Zo] AFAIATEE FHksle %
T2E AAE A BE 43 5] AA T5S Fsta,
53 AA AF J&%— AADARE ] BAge]l 23 Y dA =S
vheh 255 AFg-Strh. obe Fig. 3.2%

HE 22 AAY ARE 47 FHOE BAW 4 Aol

=
i_"‘
»J
)
ue
B
Al
il
2
o
rol'

| | |
35k - - - - — o e R N : ______ ] original [~ _|

|

|

scaled

30

I-min wind speed [m/s]
o 8 0

—_
=

|
0 2000 4000 6000 8000 10000 12000
time [sec]

Fig. 3.2 A sample squall time history measured offshore
West Africa (Arun Duggal et al, 2011).
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9ol original2 #7]9 HlFE °F 18 m/secd 1+ B+t

Ttk 2 ATeAe 6709 AE AAE ARE ST

9}
Table 3.3 53 1% HA45E5 A% AAE A59 10+ 3
=

3
I 71F F5 20.7 m/secEs: THEA7)7] 9% WA

&4 A

A AREo|th 7 AAE A5 A7F ol 3A4]17H(10,800
Z) o]tk

Fig. 3

3 ~ Fig. 3.8& 22 F% %= AAY A& (Sal'~Sa6")

g 109 AdF7] 71E £452 e
Ad A5 (Sql~Se6) 5 HERd 1delth. Dirl~Dir6e 7
2F29] FF AAE ARE dEdn AAE AR BEF 3R

S W 1R (602 1+ B 5 #=o°lth

Table 3.3 Wind velocities of squall and scaled factor for
dynamic analysis

Wind Velocity 10min. averaged (m/sec)

Squall Original data Scaled data Scale

Factor

Average Maximum Average Maximum
Sql 10.42 15.08 14.30 1.37
Sq2 6.13 15.47 8.20 1.34
Sq3 12.66 24.84 10.55 0.83
2070 @ —m

Sq4 7.24 17.04 8.79 1.21
Sqgb 6.24 17.11 7.55 1.21
Sqb 9.63 17.18 11.60 1.20

,24,



Wind Velocity (m/fsec)

Wind Velocity (m/fsec)

Direction (deg)

30.00 : : 200
2 I N N B Bt 5q1*
Mmoo — i
95,00 ; sq1 |- 150
+  Dirl
- 100
20.00 S
L]
h - 50
vy
15.00 —
:‘J‘ l'.‘i{i b, b4 1 L 0
[ "'lm“’t*." AT EA Tudd
1000 - % | Mt :
! - []
" N - -50
so0 | A
i ¥ M’wwwﬁw-_ -100
. &,
- T T T T T T T T T -150

0 20 40 60 80 100 120 140 160
Time (min)

Fig. 3.3 Scaled squall time history #1 with maximum
1 min. averaged wind velocity 25.86 m/sec (Sql).
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2500 |
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¥
- -50 £
10.00 a
¥l -100
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- Tt T T T — T -200

(4] 20 40 &0 80 100 120 140 160
Time (min)

Fig. 3.4 Scaled squall time history #2 with maximum
1 min. averaged wind velocity 24.09 m/sec (Sq2).
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Direction (deg)

30.00 100
25.00
- 50
o
1]
<2 2000
= 0
-
% 15.00
2
2 -50
T 1000
=
5.00 % -100
- T T T T T T T T T _150

(4] 20 40 60 80 100 120 140 160
Time (min}

Fig. 3.5 Scaled squall time history #3 with maximum
1 min. averaged wind velocity 23.32 m/sec (Sg3).
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e AR I/
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= 10.00 1'.\ ]
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Fig. 3.6 Scaled squall time history #4 with maximum
1 min. averaged wind velocity 29.73 m/sec (Sq4).
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Fig. 3.7 Scaled squall time history #5 with maximum

1 min. averaged wind velocity 24.24 m/sec (Sgb).
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Fig. 3.8 Scaled squall time history #6 with maximum

1 min. averaged wind velocity 24.69 m/sec (Sg6).
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3.3.3 %%

A SFTFZE Aol AHEEE I (water wave) & TSt W o R
e ek olyd v F2HS EA  vlil(characteristic
wave height) T+ 54 #9313 (characteristic significant
wave height) W 357](wave period) & F23dt=d], ok
29l 3+ (DNV-0S—-H101) Sec.3 C. Wave Conditions]
Design methods(C200), Unresticted operations, general
(C400), Unrestricted, characteristic waves (C500),
Unrestricted, alternative  method(C600), Design wave
method (C700), Design spectra method(C800) %  Short
crested sea(C900) el “g2l= o] Qltt.

o] % Unrestricted, alternative method: %7 35#= A5
£ EdE & FAAR FS ol&ste] FAY Aol SAHA g
H] A & (unrestricted) A X A L] AA g AU, & A

AL olF Agatgieh. Table 3.4% =Y 717 WE BAR
S 7]FS RAIFE ZOR, B ATE ANLYIZ] 2~
Foloz 19 ARFY 9 e Agata Ak

4> filo

Table 3.4 Acceptable return periods for the characteristic
significant wave height, Hs (DNVGL-0S—-H101, 2011)

Reference period, 7} Return period, 7
< 3 days T, = 1 month
3 days < T, < 7 days T, > 3 months
7 days < T, < 30 days T, > 1 years
30 days < 7, < 180 days T, > 10 years
T, > 180 days T, = 100 years
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Table 3.5 Environmental condition combination

Squall (wind) Wave Tidal current
Max. 10min—avg H T,
(m/sec) (m) 0 Speed (m/sec)

1.32 (surface, 0 m)
20.7 2.56 16.10 0.36 (mid, 600 m)
0.27 (bottom, 1,000 m)

0~350" ,
10°  step, 0~350" , 10°
Constant in QS, step, 0~350° , 10° step
Time series data JONSWAP
in dynamic
10Y RP 1Y RP 10Y RP

Note: QS means Quasi—Static analysis.
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ek A el FQ TEE, ALY 9D AME Fo] ¢ AAe
B2 859 A8, A A% 9 ARo] ARG AANZ e

7]1¥0] DNV—-0S—H101(2011) % DNV-0S—-H102(2012) ¢l

LRFD(Load and Resistance Factor Design) %ol wE A7
= olgg Zl& Jide sAE A=A, 5 (Load) H AF
(Resistance) 7+7+e] <tz & (Factor) = o] &3te] stF Rt AF
gol A5 A7 (Design)é‘}t— W oo

— ULS (Ultimate Limit State) : B]<=AF AFE)
— ALS (Accidental Limit State) : &4 AEjo] Hds

o 7HA @A Rl AlFAAR A EE S e 2o
A E of ok Fht

oA71AM, Fp,= 78t (design force), Rp+= 2714 (design

resistance) ©] t}.
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Fp=Fovy (2)
A7, Fi 52453 (characteristic  force, mooring
load), 7, 3t% A5 (load factor)e|th. st5 Al ULS =11
of A 1.3, ALS ZZA 1.0& A&t

AFerd el AAAY(r,) S U= 2ol Fojert

Ry = (3)

1714, Rz 579 AP (characteristic resistance), n, < A&
A4 (material factor)©]th. A& AlgE ULS Z7elA 1.35,
ALS z7°A 1185 ARS3itt.

A4 @ 2 4 s 4 Dl ddstd, AR WA

(utilization equation) = o}z ¢} #o] & < St}

F
fe_ 1

< 4
RC ’YjFYm ( )

] 2ol #HS AR H]E (utilization ratio)©]al, ¥ o 3

4 A A4 (maximum allowable utilization factor) 7} ¥t}

3.3.1 3¢ 7%
AR AL olFE T4 2xEe

s
=
Ho Age Ad 5 Qlojof dnh. B Aol A AQl



ALS(AlFEkel &AM 249 AA 34, 5 HY 834
(SWL)& +8 4 3t}

Table 3.6 Safety factor and SWL for mooring line tension

Maximum allowance

Limit Load factor Material factor Utilization SWL

state 7 Ym factor (ton)
ULS 13 1.35 0.57 744.6
ALS 1.0 1.18 0.85 1,107.4

9 Hgy Rge B 7IES Al Ak, Ao s Ao



Aeel BgAl ol AN IRES EHE A4 %Y F AEW
o|AAB BT o A% 2 Zolth SR, MA e 047
2 ARFE/] 1009 E 2ol gelFs] AAle FEe v
goz 7 Qollel 1A AT Fe 44 J11e weAw A
77191 109 oljel @59l ol AAE FeiH o Fold
el wwsr}

B AT AN AT AAA Bol Agetn 9k 1FA F
A ol 8%9l #e AgIAT. ARFTEEC BAHE Qo
g

ARt sl B TS 1,200 mo|EE 2 AFE] o|AA

3.3.3 golo] HAH H=F

AFgoz Az Ale]l 43t FZAE 7H aElE AAA
Hlaf glo]o]e] Ag= AdHoE wg Jtevet & FHe A
= o87te Aok whE Al AA" T edolth o]

ol Az A AMFH A Aol iAW HA A4S £
gto] AR A F AArewel B w7hbA 9F-oke] npEE Qg

B Rt T2E £9L A5 A9AA 9¥ edlo|ng,

1% ¢us| AEsm 9t
ZEAAAT AR B A BE 20A 276 thaiA sl
T2 AW BES Aol F=AE FHelstolof Hk.
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4, 47 A A3
4.1 47) 221 94 (FA43F s4)

oA A A e wEk WA AR 94 3 T Hx
| H& 470 2l A4 AEelA vt 25757 o
o7 HuREs ARt biEy 2Re YU
S Agslgon, 100 Aoz A
Wkl dig s AT FES 20.7 misec, 2HRES F
) 1.32 m/sec®|t}.
3|4 A3} Table 4.1¢] Fe|® uiel o], vigrzy 279 9
Abzto] 290° & o ©F 749 tono HulEEo] vEbt),
Ze o R Hgo|AAYE uigg 279 grtzte] 240° o
W Yebtew, 1 A7)+ ¢F 98 mo|th(Table 4.2).

Table 4.1 Maximum tension of 4 mooring lines condition in no

waves (Quasi—static analysis, ULS)

Environment Incidence Maximum tension

748.75 ton

Squall & current 290 (S1 mooring line)

Table 4.2 Maximum offset of 4 mooring lines condition in no
waves (Quasi—static analysis, ULS)

Environment Incidence Maximum offset

Squall & current 2407 98.093 m

,34,



4.1.1 478 =1 |92 ™Y HAEY (83 3f4)

UM HES 47t oA g7 Frkste] HUdEs AE

stk A48 =S H, 2.56 m, T, 16.1 seco]t}.

A A, vbsra 25 $HAEolA 9] Hhde 748.75 ton(Table

4.1, 280" = YJAksk= #7F F7HE W 894.57 ton(Table

4.3)0% °F 20% FEdte s Feladvh. Huojgego] dAst
S1

= AR J]ES} B S1 ARl St

Table 4.3 Maximum tension of 4 mooring lines condition
(Quasi—static analysis, ULS)

Maximum SWL Ratio
Environment Incidence tension in ULS (=A/B—-1,
(A, ton) (B, ton) %)
Squall & 290°
curreg 894.57 744.6 +20.1
(S1 line)
Wave 280°
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)3k o

Fig. 4.1 47] AlFgkelo] dd¥ FH{A¢ 3607 dH
QAbel= A9 Hof td A Ay dojd HAH S RolFE=

i

10]t}.
QA BA9E QAP F oF 619 ol JdolA Hrjge e
5 871F 745 tong WolNE R B & vt

= = MaxAllowableTension (t}] —#—MaxTension (t)

Fig. 4.1 Maximum tension of 4 mooring lines
condition (Quasi—static analysis, ULS).
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1%
N

47 29l 92 AHe HdolAA Y (F43 &
e o r HuolAARE Wi 3 2SS AEIUL
Aol AAg = AFetel 4717 Ad" B FA FIA4H
(equilibrium position) 7} ¥+ SFTZ2E A E 7|=Ho=z F
& H A9 s A olsd AE v s

sl Ax, 71 v 2RY Qe AdEe Hdold A
98.093 m(Table 4.2)= 260° & Arlet= 97 712 o
114.98 m(Table 4.4) 2 °F 17% 453 ZS Ak = Qith

r'k
~
\V]

Table 4.4 Maximum offset of 4 mooring lines condition
(Quasi—static analysis, ULS)

Maximum Maximum Ratio
Environment Incidence offset allowable (=A/B—1,
(A, ton) (B, ton) %)
Squall & 240’
curreny 114.98 96.0 +19.8
(9.6% of WD) (8.0% of WD)
Wave 260°
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Fig. 4.2% 471 Afekle] d4dd FHFAL 360" dWFo=
g7 e1go] Jrtst: Aol digt A Ay Aozl Hujo] A Az
5 HoFE ayolt

AdEE HuolAAR = YAPEE F oF 69% o1l G eA 3§
715 96 m(BEFAY 8%) 5 19.8% F= oAtk

120"

= === Max Allowable Offset (m) —— Max Offset (m)

Fig. 4.2 Maximum offset of 4 mooring lines
condition (Quasi—static analysis, ULS).
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S

4.2 8(MH7N 1 942 (33 s4)

ARl A4 FgolH F AR o5H PPol w= 87 2
A4 el A whghst 277 dosle APy s HESSH. &
A A}, vk 2% QARe] 3000 9 o ©F 539 ton®] Hul%
go] Epskom (Table 4.5), vkt 257 IAbzbe] 220" 4 o
°F 63 m9] HtholAA 27}k FR1H QI (Table 4.6).

Table 4.5 Maximum tension of 8 mooring lines condition in no
waves (Quasi—static analysis, ULS)

Environment Incidence Maximum tension

539.35 ton

Squall & current 300 (S1 thdBrmg line)

Table 4.6 Maximum offset of 8 mooring lines condition in no
waves (Quasi—static analysis, ULS)

Environment Incidence Maximum offset

Squall & current 220° 63.047 m
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ofojA 17K 2helo] &4d Ayl s AAste], 74 =l A4

GHiel A HeldH s HjolAA g7t v vk =5 IAE
7+ AESATH AlFERRl &2 Hdigdgo] dele S1 #le
Aebshs A9 9 S1 ekl 13k S2 #jlg AdstE 7 7HA
AL Alud ¥ 1T H F REEHE ol S2 #l Ad =
Aol gt A¥vE AFEd zolnk. HudH> YAl 2900 o
w o} 895 ton®] YEFS O™ (Table 4.7), HtjolA A= Az

o
o
©
S

o w o 87 m7l vEb: RE stk (Table

.
oo
~—

Table 4.7 Maximum tension of 7 mooring lines condition in no
waves (Quasi—static analysis, ALS)

Environment Incidence Maximum tension

895.11 ton

Squall & current 290 (SI mooring line)

Table 4.8 Maximum offset of 7 mooring lines condition in
no waves (Quasi—static analysis, ALS)

Environment Incidence Maximum offset

Squall & current 300° 87.471 m

,40,



4.2.1 8(M7 =l 42 AH e HAAY (£33 34)

Table 4.5°] 87] 2}q1 & Aejoll A& vpek 8 257 F7}
ato] TS §IAbsto]l ALttt

A A vpgat 25 B4 A Y FHojdy 539.35 ton(Table
4.5)%, 280" = YJAksk= #7F F7kE W 598.36 ton(Table
4.9 0%, 11% 4sste 2& A8k Aol wyst=

AFEe 4] Bl AAA S BAF S1 AFANA A

S R0 G99 Age 4% e b aaEe 34
¥ 7lojmeln B 4 9ol kel slelie ek 1/60] s
L Q0% sersglon, wEgd 2Rz Aud JFA4YS @
% glek.

Fig. 4.3 87 gcle] AA=" AgeA 360° AWk ¢A}st=
S8l Hel U AgHs Kol ™ot Ated HuEE

S Aol M 3875 744.6 tons WFH3slal i),

Table 4.9 Maximum tension of 8 mooring lines condition

(Quasi—static analysis, ULS)

Maximum SWL Ratio
Environment Incidence tension in ULS (=A/B—-1,
(A, ton) (B, ton) %)
Squall & 300°
current 598.36 744.6 ~19.6
(S1 line)
Wave 280°
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= = Max Allowable Tension (t) =—#l— MaxTension (t)

Fig. 4.3 Maximum tension of 8 mooring lines
condition (Quasi—static analysis, ULS).

DNV sfiekadx]el &gk 7]Fel whef, gk 7 2kelo] 49 A5
of tialA Fds HEES HASHAT

Table 4.10 ¥ Fig. 4.49] 34 Ay 87) 2kl A4 defelA
st & 7o Bl A e HdidEes A

Sk vk}l ol A&k bHAlF WMA
< 1,107.4 tono] ¥, AWgFA &8§7]

S 2 ok AU S1oEklel A @A sict,

Ao A RdzE AdE AFALHEY =44 sd An

-

o
o,
_‘
HS
=2
>
r o EU

o LL_, A 5A~7/ ehele] AAEE A Al
AT How kA
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Table 4.10 Maximum tension of 7 mooring lines condition

(Quasi—static analysis, ALS)

Maximum SWL Ratio
Environment Incidence tension in ALS (=A/B-1,
(A, ton) (B, ton) %)
Squall & 9290°
current 1,030.22 1,107.4 ~7.0
(S1 line)
Wave 280°

= = =Max Allowable Tension (t)

—— Max Tension (t)

Fig. 4.4 Maximum tension of 7 mooring lines

condition (Quasi—static analysis, ALS).
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4.2.2 (M7 = 42 2 HdolAAY (£33 34

Aol AAgE o v AL AEINUC 87 #a A4
dElelA ElA Ad, wiEy 2Rver A Huo]AAg
63.047 mi= 250° &= §YAteteE drh dEld o oF 16% ‘st
ol 73.44 m7tA olEd AS &R1F & Utk(Table 4.11 ¥

Fig. 4.5).

o

Table 4.11 Maximum offset of 8 mooring lines condition
(Quasi—static analysis, ULS)

Maximum Maximum Ratio
Environment  Incidence offset allowable (=A/B-1,
(A, ton) (B, ton) %)
Squall & 290°
currpng 73.44 96.0 ~23.5
(6.1% of WD) (8.0% of WD)
Wave 250°
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= === Max Allowable Offset {m) ~—ar— Max Offset (m)

Fig. 4.5 Maximum offset of 8 mooring lines condition
(Quasi—static analysis, ULS).

A ks Aol gRlHglorng, o
Q1 ALS zxdel] disfjA] thA] Hujo] A A g
71EE REekeEA AEST A" e g Hoo]l A A g el
g3t 387152 ULS W ALS 231 25 Fd3ich

A Az, 7 2l A AEE HdlolAAYE 260~310°
T-ZE A 3 E7]=S dojAdth(Table 4.12 4 Fig. 4.6).

oA7IA A7 BdE AR ARAL"S] =47 A Al o
=29, HAdelAAgE 870 el odd uwirh ks o R e
fre=

i
=
=
ol
d
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Table 4.12 Maximum offset of 7 mooring lines condition
(Quasi—static analysis, ALS)

Maximum Maximum Ratio
Environment  Incidence offset allowable (=A/B-1,
(A, ton) (B, ton) %)
Squall & 300°
current 99.01 96.0 +3.1
(8.3% of WD) (8.0% of WD)
Wave 290°

= === Max Allowable Offset (m) =—d— Max Offset(m)

Fig. 4.6 Maximum offset of 7 mooring lines
condition (Quasi—static analysis, ALS).

_46_



4.2.3 871 &2 44 AH 9 qAHEEFZ AE (£33 3Y)
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4.3 1207 21 944 (F33 s4)

Aferel A8 el Al miA AsrA o] wH= 127] 2kl
A4 el Hoige 9 HujolAAY A Ado|tt. HojdH S
bk 2F Akl 3000 o W oF 480 tonSo®E YEREOH
(Table 4.13), FHuhelAA el= vhdat =7 dAbzre] 2207 4 o
oF 51 m=Z FA= S cH(Table 4.14).

Table 4.13 Maximum tension of 12 mooring lines condition in
no waves (Quasi—static analysis, ULS)

Environment Incidence Maximum tension

480.34 ton

Squall & current 300 (S1 hdBtg line)

Table 4.14 Maximum offset of 12 mooring lines condition in no
waves (Quasi—static analysis, ULS)

Environment Incidence Maximum offset

Squall & current 220° 50.723 m

,48,



Table 4.15 Maximum tension of 11 mooring lines condition in
no waves (Quasi—static analysis, ALS)

Environment Incidence Maximum tension

631.63 ton

Squall & current 300 (ST focbing line)

Table 4.16 Maximum offset of 11 mooring lines condition in no
waves (Quasi—static analysis, ALS)

Environment Incidence Maximum offset

Squall & current 300° 52.265 m

,49,



4.3.1 12AAD7 = A2 A HARAE (X3 d4)

Table 4.139] Hujg=e 24 o)A 37 285 F7hsto] 3
At Ax, vty 2F @A HdlFE 480.34 ton,
280° & QJAletE o] E71E w oF 520 tonlE, 7} Y=
B¢ bl 9% Este e IStk (Table 4.17). FH o
AR A= 7= FYs S1 AFERJICAA HAsA T 2l
AA AHelA HdEH S §E&71FE ool Ass oln &l
wpel o], 1270 ghelo] dAZd® Aeirh W HogEe mg o

f & #olZ FE7wS w53} (Fig. 4.7).

e

Table 4.17 Maximum tension of 12 mooring lines condition

(Quasi—static analysis, ULS)

Maximum SWL Ratio
Environment  Incidence tension in ULS (=A/B-1,
(ton) (ton) %)
Squall & 300°
current 519.60 744.6 ~30.2
(S1 line)
Wave 280°
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= == Max Allowable Tension (t) =M ax Tension (t)

Fig. 4.7 Maximum tension of 12 mooring lines
condition (Quasi—static analysis, ULS).

Table 4.18 ¥ Fig. 4.8 ¢ 1274 2kl 44
S 1170 29 A4 e HogEs HES slo

12, 42719 3471%F 1,107.4 tonel wl&] w]$ w2 Hof3
g HYoRM s&7|Es YYstA St ae Ile -

ok Ho g2 S1ogkelel A Ay s
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_>|L
Ol
T
N
=

N

32

_51_



Table 4.18 Maximum tension of 11 mooring lines condition

(Quasi—static analysis, ALS)

Maximum SWL Ratio
Environment Incidence tension in ALS (=A/B-1,
(ton) (ton) %)
Squall & 300°
current 691.36 1,107.4 ~37.6
(S1 line)
Wave 290°

= = - Max Allowable Tension {t) —#— Max Tension (t)

Fig. 4.8 Maximum tension of 11 mooring lines

condition (Quasi—static analysis, ALS).
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4.3.2 12AD7 = 42 ZHe HAdolgAg (£83 )

Aol AALE = v 208 HESAY. 4 A3, nig
2 [ A FHolelA AR 50.72 m(Table 4.14)+ 3%
o] 250° Z YAFE w] oF 15% 438t 58.29 mE ©]F3 AS
gl AtH(Table 4.19). AAZ®R HdjolAAZ = AWFelA

7EE W ET(Fig. 4.9).

S =
g %

=0
ofo

Table 4.19 Maximum offset of 12 mooring lines condition
(Quasi—static analysis, ULS)

Maximum Maximum Ratio
Environment  Incidence offset allowable (=A/B-1,
(m) (m) %)
Squall & 290°
currpng 58.29 96.0 ~39.3
(4.9% of WD) (8.0% of WD)
Wave 250°

,53,



. i\ ‘ ] '-:'--.IT'II - ll' - ‘r .f\'{ :
15034 o[ |_Lox=10
0

= = =« Max Allowable Offset (m) =g Max Offset (m)

Fig. 4.9 Maximum offset of 12 mooring lines
condition (Quasi—static analysis, ULS).

1170 2kl A4 AH e FHdlo]Ad A= 63.32 mE UESH
(Table 4.20). ALS ZHAE 387 tiv] 34% 22 3ol
o, 1170 2klelA Hojol A A= Awrekel A uwl$- ebgZQl 4

Fol Ht AL FAT 5 Ak (Fig. 4.10).

4.3.3 1270 &2 4
870 #hlo] AAH
HEernw, 1270 2kl Ad AH e HEE sl
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fuj
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Table 4.20 Maximum offset of 11 mooring lines condition
(Quasi—static analysis, ALS)

Maximum Maximum Ratio
Environment  Incidence offset allowable (=A/B-1,
(m) (m) %)
Squall & 300°
current 63.32 96.0 -34.0
(5.2% of WD) (8.0% of WD)
Wave 290°

‘r
Ji
T~
" ]
:I I
g-D : m——
L e -&'
=y
A R
I‘\'\.
120 \\
b
Y
]
150 =4 .

- === Max Allowable Offset (m) —&— Max Offset (m)

Fig. 4.10 Maximum offset of 11 mooring lines
condition (Quasi—static analysis, ALS).
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5. 54 14 27

5.1 12QD7 &l 94 (T4 314)

5.1.1 121D 7 =21 44 Ze AdZY (53 H4)

4 AAeM =, 2Re T84 Aol e ZF2 =R/RE AFESH
A, v 3FA A AF AAE ARE ARSI 12
A ARl A4 AEe w4 A Ay, o4 Ho AHe
Table 5.1% T},

Table 5.1 Maximum tension of 12 mooring lines condition
(Dynamic analysis, ULS)

Incidence of Maximum SWL Critical

Squall wave and current tension in ULS line
) (ton) (ton)

Sql 0 581.12 S1

Sq2 10 564.63 S1

Sq3 180 538.74 P4
744.6

Sq4 0 604.59 S1

Sgb 0 574.45 S1

Sagb 0 578.40 S1

Table 5.1°14 Hi= ule} o] 6719 A& FolA A~F4(Sq4)
o] AL b4 2 Hu A= 605 tono] YEFTE o)== ULS %74
o] 3443 744.6 ton oW otk T o] AF4oA Aol

,56,



45001 <

S1 Effectve Tension kM)at Exd &
o ™
=

4000

2000 4000 8000 2000 10000
Time (3

Fig. 5.1 Effective tension (S1 mooring line) of 12 mooring lines
condition in Sq4 (Dynamic analysis, ULS).
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FAA A7 npRAE ALS 27 tia] HEsHItH(Table
5.2 ¥ Fig. 5.2). 117} #flo] A== ALS =4 34 23
23404 S2 AlFerele] Autd A4 S1 AFeElod HojgE
824.52 ton®] UERO™, ol ALS 29 FHE4E 1,107.4
tons WSt gkolth

Table 5.2 Maximum tension of 11 mooring lines condition
(Dynamic analysis, ALS)

Incidence of Maximum SWL Critical
Squall wave and current tension in ALS linle
(. (ton) (ton)
Sq4 0 824.52 1,107.4 S1

9000

o
]

_________________________________________________________________________________________________

g

@
=
T

S1 Eflectve Tession EN)atEnd &
-

[} 2000 1000 000 a000 10000
Time )

Fig. 5.2 Effective tension (S1 mooring line) of 11 mooring lines
condition in Sq4 (Dynamic analysis, ALS).
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5.1.2 1270 2}l |44 ZHe HAolgAg (T3 34)

Table 5.3 1271 Alfeile] AdH e HdolAAdE o

Ebdl Zlojth, HuolAAR = Hul o] WA= =3+

FH geo] WAshE A BTl ds] ARSI ol RE

dolAAE7E Hulel o] dels Ag-of FASA, AA )4

godolx Hio FEo] Al AFerde] A4 v 1 WA
o]

AFerslo] AEHeNA bg ZA olFH gt B FSHE 9

7] wZoltt.

Table 5.3 The maximum offset from critical cases of 12
mooring lines condition (Dynamic analysis, ULS)

Incidence of wave and current (* )

[tem
0 310
Tension (ton) 604.6 (Max.) 130.9 (Min.)
Critical line S1 P4
Event time (sec) 3,624.0 3,578.6
Equilibrium X (m) —7.1
position Y (m) ~115
Max. offset X" (m) 7.5 51.6
position Y (m) -10.1 -20.9
64.6 59.4
Max. offset (m) (5.4% of WD) (5.0% of WD)
Allowable offset (m) 96 96
Result OK OK
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w4 Aa, A gEe s 2 2[5 00 BFoR Ak w,
=

S1 Alsrepelellr Hepson, #Ha g9e o 8 2/7F 310
TFow A wW, P4 AlFERlol e £ A BF 3
olAAR 3g%k 96 m ol Ao Z YEhwt Fig. 5.3 ©]
98 Yes vepd oo,
700 I ]
60.0 {":\ =———Max. Tension (0 deg)
f_." TN e Min. Tension (310 deg)
50.0 i
€ wo 'L M
200 MW 4 o BT e L
10.0
- 3000 : 3250 I 3500 I 3750 I 4000 I 4250 I 4500

Time (seg)

Fig. 5.3 FPSO Offset of the critical cases with 12 mooring
lines (Dynamic analysis, ULS).

ALS Z=7Q1 1170 29l 2488 Hool A4y HE= st
R, L olfe olwth ZFe 87 el dAA A FEk o
U7b B AE olv] G wiZoln, oo ek AHASE &
& 4.3.248 ¢ YERg LT
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5.1.3 127) A 44 AH Y AAE HF (T4 4)
1270 AlFeelo] Add Aefolr AlFetel e £fo]o] (SSW)
e o)A A E KHolx: AF4oR AHY HEeHA I=

Ao 7 Vel

Table 5.4 ¢lolo] 7+ H3iete] s A™ 7|5 AW EE =o]7}
7HE @A fiAske ARerd 3N S AE) ol el dErd

Rolth. At Awde] W 8w xF JARER Fasy o
Hx FAxzel7h ehg 200 9 Avjol4AY AES 9 e
Ao - A Aol AW QAL 00 @ 3107 o dste] wz
el

Table 5.4 Minimum vertical height of SSW above seabed in 12
mooring lines condition (Dynamic analysis, ULS)

Minimum vertical height of SSW (m)

Incidence of wave and current (° )

Mooring line
0 20 310
pP6 % 104 14.3
P5 11.3 11.0 14.1
P4 11.5 11.6 13.9

,61,



5.2 8(M7A =1 44 (T3 a4

~

5.2.1 8N 2 42 A oA (57 4
871 ekl AAE FH AMS FAstel AUHS AR

e

tH(Table 5.5). &~F49 A, 3 27 dArpdaFe] 340° o

=

o S1 2klelA Huds 724 tono] YERRTH HuEEH =717}
74 Ao ~=233 vlwatd oF 180 ton ¥ Folth(+33%).

Table 5.5 Maximum tension of 8
(Dynamic analysis, ULS)

mooring lines condition

Item Sq3 Sq4
Max. tension (ton) 544 724
SWL in ULS (ton) 744.6
Critical line Py Sl
Wave & current incidence () 180 340
Event time (sec) 3,623 3,676
Result OK OK
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2000

G000

S1Efecte Tensbr kMyat Exd &
wh -

4000

2000 1000 5000 3000 10000
Time &

Fig. 5.4 Effective Tension of S1 Line in Sq4 and 8 mooring
lines condition (Dynamic analysis, ULS).

Table 5.6 Maximum tension of 7 mooring lines condition
(Dynamic analysis, ALS)

Item Sq4

Max. tension (ton) 1,273.8

SWL in ALS (ton) 1,107.4
Critical line Sl
Wave & current incidence (* ) 0
Result Fail
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oA71A, T/ AFed A4 el HogE 1,274 tond =t
23t A AL (wave train) WshE S35 2039 AAAS T3l &

o] % gholth

DNVGL—-0S-E301°¢lM+= &4 i A¢ Edae 34
(wave train) el me} 1ol =gtgto] A4 WsE F JdorH=E
203] 4= vbE djAs 5% FHR® FHo (MPM, Most Probable

Maximum) &9 gts b2 Zs dasta ok AW A 534k
< Z29 F7 S7Hel wel A8 (Gumbel) £XE F WES
Aoz dyA Stk dojxl 20709 Hwhatel A8 L HRUS
s 2070 Hdigkel BEHS ol8e s Ak E o o

g
AALZEE dERE 32T 55 A B9, o] A9k A4
WE 27 AE Age] BeFHH, A2 AYAY w7 vhebgvt

M less than the value

Frequency of occurrence [times)
MNoow B @~
Il 1 Il

[y

0 1 T T T . 1

1,175 1,225 1,275 1,325 1,375 1,425

Max. Tension (ton)

Fig. 5.5 The distribution of maximum tension.

_64_



51 Effective T

ension (kN) at End A

Fig. 5.5¢14 #Rlx]= nkgl o], FHW Hogl 7I& HAAae
+11%, Ha a2 8% FXE Holx A& & & QU £ <
ToldE HW Hugtow 2070 A gke Hwgkel 1,273.8
tons F 3T

AR 7 ERRl A A, AWMA 3N B A A Tl A
Hojide o] 1,416 toneleks & #hol Yebsb=d (Fig. 5.6), ©l&
w73 Awestn e dijk sA AdE vad #, 87
2kl oY AAE Aol nlE AFor & eAE fuste d
Aol =k olfsk WAL ®E F7F 1939 =29 S Al
ato] dojdl HRl HjgholH,

9
Aol S £xs= Ade sk =i

12000

10000

8000+

G000

4000 + + + y T
o 2000 4000 8000 2000 10000
Time s}

Fig. 5.6 Effective Tension of S1 Line in Sq4 and 7 mooring
lines condition (Dynamic analysis, ALS).
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5.2.2 871 =l @42 e AdolAAZ (4 3q4)

127) 219l 97 wel mhAA AR 870 2l Ad AHe o
AAY AR A8 Hd D Ak g 4] e

e

2% AESATU(Table 5.7 9 Fig. 5.7). A 8L 934

ZF7F 3400 WEFoz JApst u, S1 AlFElelA YE
F YARto] 310° ¢ ul, P5 ARl
T AdolAAYE 387 96m o)

Az Yo v 9 =

A dEbsteh A B2

20w epsth

Table 5.7 The maximum offset from critical cases of &

mooring lines condition (Dynamic analysis, ULS)

Incidence of wave and current (© )

[tem
340 310
Tension (ton) 723.9 (Max.) 130.9 (Min.)
Critical line S1 P5
Event time (sec) 3,676 3,579
Equilibrium X (m)
position Y (m)
Max. offset X" (m) 86.9 79.1
position Y (m) -19.0 —24.2
94.3 7.1
Max. offset (m) (7.9% of WD) (7.3% of WD)
Allowable offset (m) 96 96
Result OK OK
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100.0
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Fig. 5.7 FPSO Offset of the critical cases with & mooring lines
(Dynamic analysis, ULS).
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5.2.3 87K &1 942 2™ HAE HF (TF 34D
871 kel Ad e AlFERQl 2kolo] (SSW) F3tell gt &) A
A HE5S HESIS Y (Table 5.8). A4t Ay 2E Wk thalo

A 2

B71A sk

Table 5.8 Minimum vertical height of SSW above seabed in 8
mooring lines condition (Dynamic analysis, ULS)

Minimum Vertical Height of SSW (m)

Incidence of Wave and Current ()

Mooring
Line 0 10 20 310 340 350
P6 8.5 ar 8.5 R 8.8 8.6
P5 8.5 8.3 8.8 p.6 8.6 8.5
P2 32.5 39.3 46.9 O 5 2089 31.3
P1 35.9 43.4 51.6 JE*0 3.2 34.6
S1 97.1 100.3 | 100.3 | 64.0 86.6 91.9
S2 94.1 96.9 96.5 63.7 84.8 89.6
SO 60.9 55.2 51.1 88.8 74.0 67.3
S6 59.5 53.7 49.4 89.7 73.4 66.3
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Table 5.9 Maximum tension of 4 mooring lines condition
(Dynamic analysis, ULS)

Item Sq4

Max. Tension (ton) K3 da

SWL in ULS (ton) 744.6
Critical Line S1

Wave & Current Incidence () 330
Result Fail

14000

12000

000

S1 Effectie Tenzion §M at Exd A
=1

4000

2000

0 2000 4000 5000 2000 10000
Time &

Fig. 5.8 Effective Tension of S1 Line in Sq4 and 4 mooring
lines condition (Dynamic analysis, ULS).
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6. i A3 &4

6.1 244 AX7 B4 4 A7 vlw Qo

shibe] = e sk Bo] Table 6.13 #Zt}

EollAl B wpgl o], 47] eRele]l AAEH = A E
A4y s g71ES e RE EFAAAF At HA Ed
ok 87 2l A E e 244 A 9 57 sa BF

Table 6.1 Result summary of storm safe mooring analysis in
quasi—static and dynamic analysis

Storm safe mooring

Analysis [tem 4 lines 8 lines 12 lines

ULS ALS ULS ALS ULS ALS

Tension Fail - OK OK OK OK
Quasi= gt Fal - OK  Fal OK  OK
static
Clearance - - OK - (OK)  (OK)
Tension Fail - OK Fail OK OK
Dynamic Offset - - OK - OK  (OK)
Clearance - - OK - OK (OK)
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o]0
1

6.1.1 AdAY AE A3 29

Table 6.2 FFHAAF 1A Hopgeol] w3t =44 a4

W w4 A AIE Qokd Zlolth ZHzhe] A A AtEE

Hoj g3 3871 the] vES el

oA K nmpgl o], 47F eRele] AAH U A=

g7 v FHHHLE 20% ©14(120.1), 57 Ao A

78% ©174(178.3) AA 3= A

Ad DA 1] gRle] &8 ALS x7e
2 AU 7|ES BESE 9d, 53 4 oy §E0)

5 o 15%(115.1) =332 Sl

Table 6.2 Maximum tension summary of quasi—static and
dynamic storm safe mooring analysis

Maximum tension (ton)

Analysis 12 lines 8 lines 4 lines
ULS ALS ULS ALS ULS ALS
Quasi—static 520 691 598 1,030 895 -
% of criteria  69.8 62.4 80.2  93.0 120.1 -

Result OK OK OK OK Fail -
Dynamic 605 825 724 1,274 1,328 -
% of criteria  81.2 74.5 97.2 1151 178.3 -

Result OK OK OK Fail Fail -

Criteria 745 1,107 745 1,107 745 1,107
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6.1.2 Hdo|AAZ HE A Q9%

Table 6.3 EHaeHdAR a2 FHuolAAg e #st =44
A T4 i Aus Qoksk Flolt

FolA H= npel ol F o SA W BE 1270 #Rlo] A4 1
A A 71% st Ak T4 A A= =44 s Ay
thn] oF 11(64.6/58)~29(94.3/73)% AA “EFSLTE

w4 A2 EA 7O olstel Bl 1 el o] F
27155 238 A (T/Fai) HEE Aoy, = 87) <l

Table 6.3 Maximum offset summary of quasi—static and
dynamic storm safe mooring analysis

Maximum offset (m)

Analysis 12 lines 8 lines 4 lines

UL/l 5~ g USHS ARG ULS  ALS

Quasi—static 58 63 73 99 115 T/Fail
% of criteria 604  65.6 760 103.1 119.8 T/Fail
Result OK OK OK Fail Fail ~ T/Fail
Dynamic 64.6 - 94.3  T/Fail T/Fail T/Fail
% of criteria  67.3 - 98.2  T/Fail T/Fail T/Fail
Result OK (OK) OK  T/Fail T/Fail T/Fail
Criteria 96

Note: T/Fail means the fail of allowable maximum tension in which case it was not
conducted offset check.
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Table 6.4 F&AAF 42 A A5 dd £44 3

FolA Bz mpel o], Hujgd gl HufjolAA e s &rIES W
o % 7

=
HAE5S AEslnh iAd 4= 4

EE A A T HadES 278t AL T/Failz, FHdolZ
A E =78 A= O/Faille A AE A 87 el
o] AAxo] = AHAN FHA MY T4 A EFelA g
oloj= A AT JFeHA FE AR FAHTE 1271 E 110
gtel A4 Ao B8 *33 HolAAgS HolPgE A
d AHE AAFRE ST et glty. oul, £44 A A7) v
AE H8 HEE 2AS F¥sseH, 54 4 A= 10 m
o]} FolollA slolo] AlFA o] AL UFSs FAS AT

Table 6.4 Minimum seabed clearance summary of quasi—static
and dynamic storm safe mooring analysis

Minimum seabed clearance (m)

Analysis 12 lines 8 lines 4 lines

ULS ALS ULS ALS ULS ALS

Quasi—static - - 19.75  O/Fail T/Fail -
Result (OK) (OK) OK O/Fail  T/Fail -
Dynamic 104 - 8.1 T/Fail T/Fail -
Result OK (OK) OK  T/Fail T/Fail -
Criteria 0

Note: T/Fail means the fail of allowable maximum tension and O/Fail means the fail
of allowable maximum offset. It was not conducted clearance check in each cases.
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A F7HA] B AF A F8E =42 4 W T4 & AR

H) w3 Rth(Table 6.5). 9J7|A= XS

A EN rdy 5 540 QAES u)
4

A~
T
of 8% HFE Q] ALt Al A2 AIZES wwgk Ao

Table 6.5 Comparison of analysis time duration between

quasi—static and dynamic analysis

Storm safe mooring analysis

Item Remark
Quasi—static Dynamic
Environment .
incidence (A) s z §-pov
Calculation step (B) 2 1
Simultaneous
calculation (C) % )
Bundling no. of .
=AXD—+
calculation (D) 2 ‘o D=AXB=C
Calculation time per Brmin 50, 100,
bundle (E) ' 150min.”
Calculation time 12min. 4,8 12hr”  F=DxE
per execution (F)
Mooring condition, 5 5 4 7 8, 11,
model case (G) 12 lines
Sum (?f calculation 1hr. 4dhr? H=FXG
time (H)
Post—'processmg 5 min. approx. 12hr.
time (D)
Total analysis time approx. lhr. approx. b6hr. J=H+I

()

Note 1. Calculation step 2" could be 1 in depend on coding in MOSES.
2, 3. Calculation time is varying depends on the number of mooring lines.
4. 44hr.=4hr+8hr X 2cases+12hr X 2cases
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e S
of ol 2 (Et Hdo|AA) e 3 DAY AL

WA Agsta, 498 2w wd 9 25 el 38 oA
Agon FRAA A A4Y(Es Ao A7) e ATH
0% P T e s Adasth W 54 4
At st 8 2RE FAF $BOR i, AT glo] FW

— &A1 AIAF(Simultaneous calculation, C) @ 874 4 93l
AHEE MOSESOIM = @498 A 36710 i3t aid<=
o Feor dEAAte] ThsstEs skl AlAbsksith

A Ao AFEE OrcaFlexy AfFghel nds & & 3174

¢
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_I

el gt d@ANALC] ThsEtEF AAE AFS AR FH
A& Arkes Adelg=dl, olu 874 s Aol Felw &
Al Aol 7hs sttt

— AAHES 714 (Bundling no. of calculation, D) : 34 A3
AT (AXB)E AHAFHE Heo® Adste MFOE v
A A AN

— AXHESE AAAIZF(Calculation time per bundle, E) : 3l
Al AR Al Rl A ALHEESE ALk AR

28 A]7F(Calculation time per execution, F) : &
FA7A EgE F=ujE Bdo thstk AlAF Al FHEE]
)

A2 A AZORA, ANEL D) x AT

o i

,82,



- AF a4 T+ 249 AolA(Mooring condition, model
case, G) @ FFXAAF HAS S AT @l 42 AdH.
2 AFAME ULS 2790 4, 8, 127 ARz 94 %
ALS 221 7, 1170 AF=kl 4 & F 570 Ao~

— & AAMAIZH(Sum of calculation time, H) : ¢ A9 =
k33t A A AARA T
— &g AlZF(Post—processing time, 1) @ AXF & A3} EA

of 2Q%= Al Fg ARk

— AA A A7 (Total analysis time, J) : ZFZAAAF A
= 9% S84 2 T4 A 449 AA LAzt

Table 6.5°14 W= wkel o], A F A3} 52 4 ALt

2 QA7 Aol 55AIZIO R A, HA eka A%z

A AL 2590 FHERRIG A9 AIRFY ®lE =

o
A oSHe AN A g Begoz Ax

FuAoR FoUs] v, ol#g o
o 229 A Motz gt AFAIAE A

o etioleli g v} g

n



]%l_

e

A

o

-

RN

3

I<]

| 7ko] v Fek
floF

I3

&
| 9l

4 A
£ 1
A X

i
o

1

A
o]

.]

2l R

o

=
=

A]

Aleke] glo}

[ex
il

&

T

R

o 7her

o

A2 o8 74A H|

S

)l o
W A
oA 1 AAZ u§ 7

< HEl
—

p—

5

Tol

]
—_
fiie)
ﬁo
el
i
_lﬂ_ﬂ

HA

9

T 7o

O

o]

1

T

B

S

4 e A%

S|
3]

o} ]9

1.

=]
=

%

A
o

T

ks
-

7% 7hs

o

a4 el g

9

o

A= |

@)

7R &2

.

=

Alek wt

S|
=

€l

9

9l

=
=

Yole A&

Ar

Tor
Ho

o7l

)

%

=

=

1

S

2 9w
,84,

N

<]

o117

)

%

dake

A



]

A
gl

XK
R
aaﬂﬂc =l
ﬂ%i = R oo
e e TR = &
ﬂl]@mﬂﬂ@ﬂvméuﬂu od R B
1W|oHvUEu Ko g.ﬁn_rmlu,_
o_goﬁ -~ = o qaﬂ
—_— O%O gH_T ‘W_”‘Ir . — J@'
PX]]].H]oE 5 o ‘Uvoﬁd wr —
ilxoﬂ1% 1ré. o &% =
BN = 8 o @R%ﬂe B R oz
a iEe%u Eoﬂmﬁafle_aﬂd. ol =
o W T o Sl o_lﬂaﬁo g o
1giqosaﬂ Lﬁﬂbﬁ_@x & O_Lmoél AN
T o i Lf(éL. AN IR g o o® Gy ﬁ;ﬂ o? z#om
Q%H%%E,VL.Ow%m‘ ﬂ)ﬁ,moézluéz < 5
ﬂ%%g#@gAmi i@%ﬂﬂﬂ%@%ﬂqa i g
) HﬁﬁmﬁoﬂﬂrlﬂwOMSzllmei@@ Wiu
oy D Pzﬂﬁﬂdoz@ Gl o 2 o o
.o ﬂ@;A o2 ;omra_. LaJlJElO.z,_m O}ﬂw ,mﬂﬂ7
m X ZH % = B o m ° %0 ol o X W © =X o Mﬁ < A_/ =l To =y iy
W B oo T T M- ®° . — > s o 5 TS ™ & O © - = s
¥ ﬂmw%%m# qﬂamaﬁoﬂ &mwgma ¥ %
i @Eg%o¢@% mgv@17aﬂa@ <3
11r/..mo§@0}3%7%M1@ﬂ4mﬂ%%ﬁﬂrﬁevﬂ 5@%
- w© ' < S R M L o = . ]
o lﬂl | - = 1= X 0 = —_ .*E =) = o N 1o oF
ol ‘ﬂ_lJ.A L.pfﬁo‘l ﬁOAAA‘lﬁVIA.XI_ ,Dro.MO ‘mwl
Hoofvmyﬂsa&]%wﬂ@g%1ﬂa4%%ug@wgm
L oE g ok Lorugwmﬁo S 2.1L,_@ 3 5 =
i = ‘,w ﬂ_OI ﬁo ﬂ wﬂﬁ_v” %O i o ﬁE JA' flas " A..rl 0# ]ﬂ ol ‘@11_ H_A| o = o~
o ~ olo 11_3_._H| = % AT N ]| = N T Ho J.M MT g = = M- ~
oaﬂﬂ&ﬁ%ﬁ%oﬁﬁbwﬂﬁﬁ?%wnzﬂ%z&w%%aﬁw%.%mk
ot %0 " ) g ° il = -
ﬁ%%%ﬂ#ﬂmeaLﬁio %7ﬂJéizmM3u.1ﬂwo,
5 KB <T f oo = o v st o ;nmo ) o e N %o =
B N W o oy E Mo Ty e SRy = z o S < N 21
= o) = W R mw me Mo w_orm _M 5 mﬁ = R = o Wﬁ = o ™ Mm ﬁ R
ﬂJlA ln_tuauq 0 ST 1
7uuu$§wzowmmu7ﬂ1m%ﬂmloi%E@&OAT
. t.l =~
QMM.@ of o Fwﬂmoaﬁmﬁ ol o 3 Wa
OF 1;,_. n rl.1r] 0
ﬁongP HLEUZOOW@.
T6E.w_or%£_|x_lbﬂ_rwao
;odr.exﬂﬂnﬂmm
_HE,_?_M.E“/
i %

-8 -



N
]

| Wl Zlor HRlY ol F&5I TP SEHC

whgs @ 2 AT Agst 6
Aol AL AA "Hold JpsAol AttE RS WA OFE W
o Fi= F-ito] o,

.% 120 : 4,100sec
g 3,500sec
° 3,700sec
< 3,600sec
< - 1 !
B30 ey e R R b T e R
% : 3,624.0sec
: ;
1)
-140 ;

-70 -£0 -50 -40 -30 -20
S1 X (m) atend A, t = 0.000 to 10.800E3s

Fig. 7.1 The SF1 position in 12 lines mooring condition for
10,800sec dynamic analysis.

-100

.Jjec

S1 ¥ (m) at end A, t = 0.000 to 10.800E3s
8

140 : . _ f :
-40 -20 0 20 40
51X (m)atend A, t=0.000 to 10.800E3s

Fig. 7.2 The SF1 position in 7 lines mooring condition
for 10,800sec dynamic analysis

,86,



ol
o

)

Hojgly SF1
e A

o

F

b o)

°©

1

0

15350 3

=

ok

he

gk mel ol AlFekeld

Aoz HRlt thA

o AE
3,300%~4,200%,

—_
1o

o

e
%
=

A

=

=

R

1

S

1

k)
-l

SRk
fol, Ao

°©

l3log I8

o]

HE 299

otk B AN Adg 22 A

4 ANAE A=7F 19

)

R

-

o]
pal

P A
—

==
5

=
ar

)
)

%
¢
o
%0
)A

el

)

J_,NO

qr
Hlo

ze)

il

qr
Ho

25

Y
oo

arol .

A=

g =] =

0

u Ae] 1.5uf¢]

Sk
=

20.70 m/sec®} Bl

AN
il

Ko
B

J).
B

=~
=

o)
7H 14

e

A qE, 7}
Soh=

o

°©

o)

AR

&
T

Zolt,
%X‘]

Bé]_
Hl sl H
IRSIeY
AFAAE (screening) o7 &

9

Hodd, Aol A4Ae

=

=

-

R

11
of thall HEsH Xofof

S

14 A%

S

°)
=

=
-

=

5 W] A7 olof

44 97
Aztsl 7]

=€

15 Al 7HA 7]

=

T

A+
é o

bt

S

ol

=

=

RS i)
}j]
A

3l
ol

&
!

_‘1

=
N

sto] kBTt 71EE A

,87,



sl 471 gkel AAE Aketa, ULS 2oz 871 W 1270 =
ol dA7IF 9 ojujo] ALS 27l 771 H 117 =l A A
E AF E g

Table 7.1 A7k Qs Z3AATF B 7kl #gk ot &
A e dERd Zoth ok s WHOEA A 7HA] A 3|
Ao ek giebd 3 FA44 M E vluE 9l Ederivh
AT FTE AR olgH 5 = & %
Hol: Ul AFo AAY wEdd F5 AAL Ad@ps A
490 AZE 18 Hd TH A

o

oo i
ol

ol

rlr

po

0,

=

re

re

4

=2

>

rr

[ o

A2 AL ARE EAE AL 0 2
A ke AAD AT et
9l A e WA BHoR AN At the dold A
347 B4 sS4 Aol ) vl - BAsH

By
=

ol
tlo

Table 7.1 Proposed analysis methods in 3 dynamic analysis and
1 quasi—static analysis

Analysis Squall Time duration
Wind speed Wind direction (sec)
Dynamic™ Constant Constant 1,200
Dynamic™ Time series Constant 1,200™
Dynamic™ Time series Time series 1,200"
uasi—static” onstan onstan
Q tat Constant Constant N/A

Note) 1,200” means that basically analysis time duration of Dynamic™ and
Dynamic™ follow Dynamic” as 1,200sec, however the analysis results could be
achievable from shorter time duration, e.g. 300, 600 and 900sec.
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Fig. 7.3 Tension of S1 line in 8 lines mooring condition for

300sec by 1° proposed analysis method (Dynamic™).
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Fig. 7.4 The FPSO position in & lines mooring condition for

300sec by 1° proposed analysis method(Dynamic™).
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Fig. 7.5 The FPSO position in 8 lines mooring condition for
1,200sec by 1% proposed analysis method (Dynamic™).
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Fig. 7.7 The FPSO position in 12 lines mooring condition
for 1,200sec by 1° proposed analysis method (Dynamic™).
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Fig. 7.8 Tension of S1 line in 12 lines mooring condition for
1,200sec by 1% proposed analysis method (Dynamic™).
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Fig. 7.9 Tension of S1 line in 7 lines mooring condition for
1,200sec by 1% proposed analysis method (Dynamic™).
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Fig. 7.10 Tension of S1 line in 11 lines mooring condition for
1,200sec by 1° proposed analysis method (Dynamic™).
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1,200sec by 1% proposed analysis method (Dynamic™).
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Table 7.2 Maximum tension results between standard and 1%
proposed method (Dynamic™) in dynamic analysis

Wind data Maximum tension (ton)
Analysis no. 12 lines 8 lines
and type Max. vpe
(m/sec) ULS ALS ULS  ALS
2 Dynamic Time o5 ga5 724 1974
2973 Series
3 Dynamic” Const. 594 820 719 1,273
Difference of maximum tension (%) —1.8 -0.6 -0.7 -0.1
Criteria 745 1,107 745 1,107

,96,



7.3.1 3 8 =2F APl mAE 9F A=

574 22 e 1Ad A MY F oRA ik ey e
F TEE LY AFEHoR ARt Zlo] oy, 54 AF
Fo 2 AolE 20 (1,200%) 9 AF AAE AmE FE3t] AL
ot T4 A WRlelth ' AF AAY AmCA F&ES A
AL ARE w2a, FFE IZAN A 9 A dHeR

o, o] Al oA = lES w22 5. UASE AN F IE
vk 4 279l thE W3 (Non—collinear condition) & 2% A}
sto] Holge & HES AT

AP AE B4 £44 s Ao mEd, HdZH JFS

Al

[NEA] S oEpE myl sk id 2R/
10~20" =folo] A9l wdst Waow At o Hojgy

AP v ot g7k JAtets WFEE EF

T E5eHe] 27 wite] 4 MMz o

of thd FFE 1T ek YCET Fig. 7.128F o] Al
#4-& AT
A o] wel sigaks 1800 WEFE vixsks 9 647 34
ol Jakzt ZFholl ot aa Az, HAdiFE A9 8l digt
%39S Table 7.3 #o] 4l
oA B ukgl Zo] Hujdgo] dojx= A 8 F 477t
vyl 2H57F S1 T P6 ARl W (187.5°
wolm, 49 47 F 3ME wizRAR]l RS & o,

L=y
=
4 A= VIS Aol vEA oS AoR o4 5 Stk

,9’77



A9

$ 870 23 vwx] 1807 Al FA7kH we st s Ay
7,8, 11 2 128k AA Ae) 25 o} vy 49 2H{HIF 7.5°
2 st A e o 7R & A0 ® Ve

700
600
B Wave 187.5 deg

E 500 m Wave 210.0 deg
_5 400 m Wave 232.5 deg
“w
E 300 m Wave 255.0 deg
E. W Wave 277.5 deg
s 200 +

B Wave 300.0 deg

3

W Wave 322.5 deg

=]
|

M Wave 345.0 deg

187.5 2100 2325 255.0 2775 300.0 3225 345.0

Current and Wind Incidence (deg)

Fig. 7.12 Maximum tension in various environmental incidence.

Table 7.3 Combination of environmental incidence by top 8
maximum tension

o, Environmental incidence () té\ﬁzzn Remark
Wave Wind & current (ton)

1 187.5 187.5 5979.6 Collinear

2 300.0 187.5 o71.5 Non—collinear
3 322.5 300.0 568.9 Non—collinear
4 210.0 187.5 567.9 Non—collinear
5 322.5 322.5 565.5 Collinear

6 277.5 187.5 064.7 Non—collinear
7 300.0 322.5 563.4 Non—collinear
8 345.0 300.0 560.1 Non—collinear
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Table 7.4 Maximum tension results between standard and

proposed method II{Dynamic™) in dynamic analysis

Wind data Maximum tension (ton)
Analysis No. F .
and Thype Max. 12 lines 8 lines
(m/sec)  1YPe
ULS ALS ULS ALS
2 Dynamic Time =g go5 724 | 1274
series
29.T3% 588 808 711 1,287
b Time
Dynamic series”
7.5° 75 7.5° 187.5°
Difference Qf the maximum _938 90 -18 +10
tension (%)
4
i 587 809 715 1,270
Dynamic™! 29.73 se;rireles*
10° 10° 0 0°
Difference Qf the maximum 99  -19 -19 -03
tension (%)
Criteria 745 1,107 745 1,107

Note: The direction(’ ) means the incidence of environment.
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Environmental Incidence
* Wind, Current, Wave : 7.5 deg
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Vessell X (m), t= 0.000 to 1200.000s

Fig. 7.13 The FPSO position in 12 lines mooring condition for
1,200sec by 2" proposed analysis method(Dynamic™).

6000

Environmental Incidence
csop)-| * Wind, Current, Wave : 7.5 deg

8000 - nemmnseinieaans

§1 Etfective Tension (kM) at end A

45004 --------cmecenennnan h‘ ---------- fi - d ----------------- ] -----------------------
auuu—f | I P et L ' ﬁ rrrrrrrrrrrrrrrrr W
EY,T 0 IR | I o
2000 ; : : : :
0 200 400 600 200 1000 1200

Time (s)

Fig. 7.14 Tension of S1 line in 12 lines mooring condition for
1,200sec by 2™ proposed analysis method(Dynamic™).
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Fig. 7.15 The FPSO position in 11 lines mooring condition for
1,200sec by 2" proposed analysis method(Dynamic™).
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Fig. 7.16 Tension of S1 line in 11 lines mooring condition for
1,200sec by 2™ proposed analysis method(Dynamic™).
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Fig. 7.17 The FPSO position in 8 lines mooring condition for
1,200sec by 2" proposed analysis method (Dynamic*™).
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Fig. 7.18 Tension of S1 line in 8 lines mooring condition for
1,200sec by 2™ proposed analysis method(Dynamic™).
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Fig. 7.19 The FPSO position in 7 lines mooring condition for
1,200sec by 2" proposed analysis method(Dynamic™).
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Fig. 7.20 Tension of P6 line in 7 lines mooring condition for
1,200sec by 2™ proposed analysis method(Dynamic™).
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Fig. 7.21 Wind speed time series in 7 lines mooring condition
for 1,200sec by 2" proposed analysis method (Dynamic*™).
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Fig. 7.22 Tension of S1 line in 7 lines mooring condition for
1,200sec by 2™ proposed analysis method(Dynamic™).
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Fig. 7.23 The FPSO position in 7 lines mooring condition for
1,200sec by 2" proposed analysis method(Dynamic™").
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Fig. 7.24 The SF1 position in 7 lines mooring condition for
1,200sec by 2" proposed analysis method(Dynamic™).
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Fig. 7.25 The tension of 2™ proposed analysis method
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7.4 et F3 A III (Dynamic™™)

Table 7.5 Maximum tension results between standard and
proposed method II(Dynamic™) in dynamic analysis

Wind data Maximum tension (ton)
Analysis 4. M 12 lines 8 lines
and Type ax. Type
(m/sec) ULS  ALS ULS  ALS
2 Dynamic 605 825 724 1,274
2973 UME " Tgos 918 734 1323
Dynamic™ Series

7.5° 7.5 7.5° 7.5

Difference of the maximum

_ _ N N
tension (%) . 0.8 1.4 3.8

Time 594 819 732 1,321
series 10° 10° 10°

Dynamic™  29.7

Difference of the maximum
tension (%)

Criteria 745 1,107 745 1,107

Note: The direction(" ) means the incidence of environment.

-1.8 -07 +1.2 437
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Fig. 7.27 Tension of S1 line in 12 lines mooring condition for

1,200sec by 3™ proposed analysis method (Dynamic*™).
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Fig. 7.28 Tension of S1 line in 11 lines mooring condition for

1,200sec by 3 proposed analysis method (Dynamic™).
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Fig. 7.29 Tension of S1 line in 8 lines mooring condition for

1,200sec by 3™ proposed analysis method (Dynamic*™).
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Fig. 7.30 Tension of S1 line in 7 lines mooring condition for

1,200sec by 3 proposed analysis method (Dynamic™).
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Fig. 7.31 Comparison of quasi—static analysis in ULS

- 112 -



& Sl wE HAWAY Tk oldd wkek 2ad,
29.73 m/sec® 1270 =}l AAAH =44 &4 Aot VS
A4 &< 20.70 m/sec® 870 =hQl AAFE S Aol msd
Atk S7hE 59 871 2kl
AAAE Ay ULS 4 7)53F 745 tonoll 4 8kaL vk
Fig. 7.32:= ALS 239 |4 Aot 7]E FHolM= ALS
2AANME ket HgHo] WA SHNM= 7 Bl 94

ol
4

S
ToR UM As g9

Al 2] gl AA VIES dolMe Ae &dd 5 Qv

180
= = = Max Allowable Tension in ALS (t)

—— Max Tension in 7 lines by 29.73m/sec (t)
—=— Max Tension in 7 lines by 20.70m/sec (t)
—#— Max Tension in 11 lines by 29.73m/sec (t)

=—=— Max Tension in 11 lines by 20.70m/sec (t)

Fig. 7.32 Comparison of quasi—static analysis in ALS

- 113 -



ﬂ
(@]
i
oX
>
g
—
N
o
Rl
&,
ok
2
F—.Q:
2

%
i)
o
=

7} (analysis no. 2)¢ B3 HFE&

71 A (No. 1~2) 8 235 BH 52 @A oin] F474 @l
o] A9 oF 14~27% AL Z o]z A AAHEL, ol EA
A din] =84 s ANA ARREH= ARSI o9 THH] HIAE
A= AdsHA EafjA BAst= Aow & A A

sl
= Ao 2L AT FACM = 2 Aot | AR e AL

72 .
WA A WA ¢k (Dynamic) 072 AtEd AE Az 1&#
B HAUYES 29.73m/fsecE: TR AL} FFH A

(analysis no. 3)< Fdl dojx Hud=2, 1271 2l A4 A
Blefl A oF 1.8% olule] @2, 11 W 87 kel AF el e
°F 0.7% olHE ol Ze FAd 5 v 53], 7h gl A

A Agelds g xol7t 0.1%=2 7]E Ao wE

Aol Aol Fd3sk IS AUY. BE AFAA FHIF TE
(criteria) W&ol Aarbe] weE F2 34y X33}
17 HUFES 483k gk 54 4 19 Azt r AF

208 AYAI Qo FY AALRREY HIFF o W

- 114 -



Table 7.6 Maximum tension summary of quasi—static and
dynamic storm safe mooring analysis

Wind data Maximum tension (ton)
Analysis No. 12 lines 8 lines
and Type Max.
(mfsec) VP
sec ULS ALS  ULS ALS
- 520 691 598  1.030
Quasi 20.70  Const.
static ~14% -16% -17% —27%
9  Dymamic 2073  VMEsne gos 794 1974
Series
504 - 820 719% 1,273
3 Dynamic” Const.
~18% —06% —-07% —0.1%
Time (988 809 715 1287

4 Dynamic™ -
SELIES JEPNSUNY 19% “199% | +1.0%

29.73

; 595 819 732 1,323

5 Dynamic™ Tlme
SELIES 1 7o @0 700" 41.1% +3.8%
. 607 841 735 1,333

Qua§1 Const.
static +0.3% +1.9% +15% +4.6%
Criteria 745 1,107 745 1,107

Note: % means the difference of the maximum tension to analysis 2 ratio.
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Forever my FFF, first foreign friend Ryosuke Tomimatsu, hope to see you
again. I miss mama & papa. My mentor in offshore installation, David
Lowther, appreciate your advices and concerns. Aguirre Nino, I'll visit your
town some day. Phong Chong Hui, go mountain hiking together. Steven Ng,
let's have beer time in Singapore. Hugo Coquerel, when will you paint
again? Jean—Michel Tissier, hope to provide vessels for you again, now as
designer. Xuan Chi, I would like to show you the result of my R&D project.
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