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In this study, hydrodynamic and mooring analysis for LNG FSRU moored by an internal turret with 9 mooring lines are
numerically performed using commercial softwares, Hydrostar and Ariane, Met—ocean combinations for screening method are
taken from wave governed condition(BV Rule Note NR 493) with relative heading between wave and wind between —45°  and

+45°  and relative heading between wind and current between =30°  and +30°

. Extreme mooring analysis and sensitivity analysis

are performed for intact and damaged (=one line missing) conditions and the parameters for sensitivity analysis are wave peak
period, peak enhancement factor and line pretension, In the viewpoint of the design tension in mooring line, chain diameter is
designed to satisfy safety factor for each conditions, As the chain diameter is increased from 152mm to 171mm, the designtension

is reduced while the minimum breaking load is increased,
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Fig. 1 Mesh generation of LNG-FSRU

Table 1 Main particulars of LNG-FSRU

Description Magnitude
Length overall 317.75 m
Length between perpendicular 315 m
Breadth 53 m
Depth 28 m
Draft 12 m
Displacement 200,331 ton
Longitudinal center of gravity from A.P. 142.26 m
Vertical center of gravity from keel 16.71 m
Mass radius of gyration in = axis 19.08 m
Mass radius of gyration in y axis 78.75 m
Mass radius of gyration in z axis 78.75 m
Transverse wind area 2,283.58 m?
Longitudinal wind area 9,291.95 m?
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Fig. 2 Schematic drawing of mooring layout
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Table 2 Mooring layout and mooring line properties

Description Magnitude
Number of lines 3x3
Outer bundle angle 120°
Inner bundle angle 2°
line 1~3 574 m
Paid out length
line 4~9 606 m

line 1~3 1,080 m

Total line length

line 4~9 720 m
Pretension 1,670 kN
Chain grade R4K4 Studless
Initial diameter 1562 mm
Weight in water 405.7 kg/m
Weight in air 466.7 kg/m
Stiffness 23,048 kN/m
Minimum breaking load (MBL) 20,156 kN

Table 3 Metocean data for

North America east

coast
Description Magnitude
Wave spectrum JONSWAP(~=2.5)
Significant wave height 11.9 m
Wave
Wave peak period 14.2 s
Direction 0°
Speed 40 m/s
Wind
Direction 0°
Speed 2 m/s
Current
Direction 0°
Table 4 Metocean condition
Condition Wave Wind Current
A O X O
B O O X
C O O O
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90°

180°

Fig. 15 Drawing of metocean combination number
0~144
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Table 5 Example of metocean combination
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BV Rule Note NR 493 (2012)ollM X|otel= mbetnt &

7
Metocean AUZE M| wE E5S 2ol flsto], A X
Combination 7 4 ¢ (reduction factor, ¢,)& 4! (1)1t 20| HMAlSct &elz s ket
#0 -75° A5kE =3e| 301 BV Rule Note NR 493 (2012)0i|A HM|A|St
# 1 —60° 0.9¢, (intensity of the elements)& =t ZIE ARl Aol of
#2 4 45 25K Table 6).
# 3 -30°
# -15°
# 5j1-9 o ~30° V=30°~ 1430° {1 | v— A when | V—H] < 30° »
#10~14 -15° V-30°~ V430° Yoz whens0< V- HlS 457
# 15~19 -0 V-30°~ V430°
# 20~24 +16° V=30°~ V+30° 9| AlolM Vot H= 2tz S8k} nlskg ofn|sict,
# 256~29 +30° V=-30°~ 1+30° shesre MHA|E sitstAxA| siFEToll 0.5(intensity
# 30~34 +45° V=30°~ V+30° of the elements)E =¢et Z1tE AlFalAoll 0|&sHt (BV Rule
# 35~69 15° | H-45°~ H+45° | 1V=30°~ V+30° Note NR 493, 2012).
# 70~104 30° | H-45°~ H+45° | V=30°~ V+30°
# 105~139 | 45° | H-45°~ H+45° | 1=30°~ TA430° Table 6 Metocean combination for extreme mooring
# 140~144 15° 1V~30°~ 14+30° analysis
# 145 0° Description Magnitude
# 146 15° Scanning step 15°
# 147 30° 30° Wave Direction 0~345° (24)
# 148 45° (H) Intensity of the elements 1.0
#149 | 60° 60° Wind Direction ~45~45° (7)
# 150~154 45° V=30°~ V4+30° (V) Intensity of the elements 0.9¢,
# 155~159 60° V=30°~ 1+30° Current Direction ~30~30° (5)
# 160~164 75° V=30"~ V*+30° (0 Intensity of the elements 0.5
# 165~169 90° ~30°~ 1+30° Total 840
# 170~174 105° V=30°~ 1+30°
# 1757208 | 76 | HRAS FRAS” | VRSO VRSO St A TI(Table oM SHAKIENS] Hsiol chat A7
#210~244 | 90° | H-45"~ H+45° | V=30°~ V+30° of Bizke= wiolam] l5 =20l A
# 245~279 | 105° | H=45°~ H+45° | V=30°~ V4+30° éﬁdf' EPE'LEE B1s7] #Is10] JONSWAP 2 = N
om0-312 120 T e —mae T Va0 Veso: o mi BE (12,15, 1425, 16.39), M el Eol= A<
(2.0, 2.5, 3.0)0l cist ARslA S alsIICt ok AFRM =
# 315739 | 135 | ARAS'~ HviS” | V730" VRSO 7loIzfziol Chh A FRie] Bl2iT A2 olsiol 2lolae
# 9507964 | 190 | A FiedS” | V230~ V30 2 1,670NS 71ZES2 10%4 241,503 kN)2F Z7K1,837
# 385~419 | 165° | H-45°~ H+45 1=30°~ 1430 KN)JE EZH0IA] HBSHAIS 2asioict
# 420~454 | 180° | H-45°~ H+45° | V-30°~ V+30°
# 455~489 195: H-45°~ H+45° | V=30°~ V+30: 33 71IEI_‘| °,_|'x,_‘|A°‘| %7'-
# 490~524 | 210° | H-45"~ H+45° | 1=30°~ V430
# 525~559 | 225° | H-45°~ H+45° | V-30°~ V4+30°
# 560~594 | 240° | H-45°~ H+45° | 1-30°~ 1/+30° MA=l s 2tketdsEE =8k sloflA] =28 Z=Z(Intact condition)
a Eob600 | 255" | Fas— mrae | 730~ Vaao® oM AR S = ARM B oA Hsioles Tofsich
# 630~664 | 270° | H-45'~ F45° | 1-30°~ V430° AFAe] A A2 (design tension, T,,)2 Zt AlEz2l|oMof|A
# 665~669 | 285° | H-45"~ H+d5" | V-30°~ VA+30° Tet g A0l Bt 2F B4 (2), A (9))8 083
#700~934 | 300° | H-45"~ H+45" | V-30°~ V430° o1 4 (42 ZZeict (BV NR 493, 2012)
# 735~769 | 315° | H-45°~ H+45° | 1-30°~ VA+30°
# 770~804 3300 H_45°~H+45° V—300~ V+30° 7 = i i 7, )
# 805~839 | 345° | H-45°~ H+45 1~30°~ 1/+30 nE=1
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Table 7 Safety factor for intact and damaged
condition(BV Rule Note NR 493, 2012)

Description Magnitude
Intact 1.75
Damaged (1 line missing) 1.25
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Fig. 20 Maximum tension at intact condition for
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