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Mooring layout and numerical analysis for STS LNG bukering at berth
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Abstract: In view of the mooring stability of liquefied natural gas(LNG) bunkering vessels during alongside
bukering of cargo ships at non-dedicated terminals under extreme conditions, the ship-to-ship (STS) mooring system
for a 30,000 m’ LNG bunkering vessel and a 14,000 TEU LNG dual-fuel container ship at a container terminal is
focused on. A shore-side STS mooring solution is proposed. A coupled shore-side STS mooring model is established by
numerical analysis software to simulate vessel displacements, mooring line tensions, and fender forces under combined
environmental loads (wind, waves, and current). The omnidirectional ultimate environmental load-bearing capacity
(critical wind speed/current speed) is forecasted. Furthermore, the impact of mooring line pre-tension on mooring
performance is systematically quantified through extended analyses involving various ship type combinations. The
results demonstrate that under standard container terminal environmental conditions, this solution meets regulatory
requirements for mooring stability during LNG bunkering operations. When the pre-tension is optimized to
approximately 13% of the minimum breaking load of the mooring lines, the peak line tension is minimized, and vessel
motion displacements can be reduced to below 35% of those observed in scenarios without pre-tension.
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Tab.1 Main Parameters for LNG bunkering
vessel and receiving vessel

o s LR SR W R 2%

" [8] 4 /m m m ZK/m  #zZK/m
LNGBV-30k 184.7 175.0 28.1 18.7 6.0 7.6
CT-14k 335.0 324.6 51.0 29.9 13.0 17.0
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Tab.2 Mooring equipment parameters for LNG bunkering vessel and LNG receiving vessel
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Fig.1 Mooring layout for STS bunkering at berth
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Tab.3 Environmental condition parameters for STS at container terminal
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Tab.4 Calculation results of mooring forces for STS at berth

- RN A SRR 2 S
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TN WA FIN  (FIFyy) /% S FKN  (FIFy )% %S, Bs,  #\&s, s,
0-1 283. 1 208 31 473 30 0.77 0.65 0.19 0.90
0-2 283.1 193 29 415 27 0.34 0. 54 0.25 0.91
0-3 253.3 205 31 509 33 0.34 0.70 0.21 0.96
0-4 298.0 230 35 491 31 0.55 0.73 0.25 1.01
0-5 283. 1 203 30 534 34 0.47 0.78 0.21 0.91
1-1 298.0 210 31 495 3 0.73 0.72 0.20 0.95
1-2 298.0 200 30 447 29 0.30 0.62 0.24 0.96
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1-5 298.0 207 31 557 36 0.49 0.86 0.22 0.96
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Fig.2 Roses of wind and flow
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Tab.5 Main parameters for STS vessels

fE 2 WA /m A9 /m I /m Iz 7K /m
LNGBV-30k 175.0 28.1 18.7 7.6
LNGBV-20k 157.2 25.0 14.0 5.7
LNGC-20k 157.2 25.0 14.0 5.7
CT-23k 393.9 61.3 33.5 16.0
CT-14k 324.6 51.0 29.9 17.0
FSRU 192.0 36.6 23.6 8.3
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Fig. 3 Effect curves of mooring pre-tension force and ship displacement on cable tension
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Tab. 6 Effect results of pre-tension force on mooring line tension and vessel displacement

SIS 414 ESURAIE P Az %
T,/kN F,../kN Fyp /kN (Fpin!Fup) 1% S oy /M S min/M (Spmin!Suax ) 1%
LNGBV-20k/CT-14k 80 122 583 13.7 1.53 0. 40 26.1
LNGC-20k/FSRU 70 144 583 12.0 0.81 0.27 33.3
LNGBV-30k/CT-23k 80 158 674 12.0 1.19 0.42 35.3
LNGBV-30k/CT-14k 90 210 674 13.4 1.20 0.59 18.3
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