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2 oF : )& M3} A 7k (Liquefied Natural Gas, LNG)A o] <19t Eujdol] Aukslt 49 wlsdhy 2/ 5o 74zl vty kS
Gud A AR HAS A% AlE AFE Ago] Aasttt oo V)& F2 A% (Mooring Force) A2 o] Wl Bl A S 5
etk vl H B8 T AF3) A=A 82 E H(0il Companies International Marine Forum, OCIMF)2] 7|5 i H 2 ol Al |arsk= ALk
WS Ao ol Vo g B =FoAe A oy LNGAH A -83te] OCIMF AlFAdn A3 = EHS o] &3t AlFE9 7
79 AL AHEE AN ‘:]' OCIMF AlFAn A el g 2HAEF o7 AN AlFee 34 od3 5 AFdow ALE udAd
Al 718k Ak 37 )93 Hojghol A vl A Adghs FE AS Il 7 AUt OCIMF AlFAR A ol & ~AERow
Axbek AFEe] g JFoz AT AR AL LZE Q] OPTIMOOR AXE & Agste] A3E nlustglon Eo] A v
G AR A S g18HS T OPTIMOORE AHE-8F 4ol = Z4zhe] Aol &9 Q1A=S FHsHA Arted o= 2do] BAARA Aleko] gl&
S 4 Ago] R A8 02 OCIMF AlFAH A ol wheg 2FEf o= A AlfFgo] & LNGH 9 AFY Alitel] 483k
AL flas AA AL AHEE S8 AT 7 AT

HAEO 1 AFE, INGA, JF3A= AL, AFANAY, TF A, FEFO

Abstract @ When a large liquefied natural gas (LNG) carrier is anchored at a coastal terminal, calculations on mooring forces of mooring cables
induced by environmental loads such as strong winds and currents are needed to secure mooring safety. The advantages and disadvantages of several
existing mooring force calculation methods are compared and analyzed with their application conditions. Resultingly, mooring equipment guidelines of the
Oil Companies International Marine Forum (OCIMF) are chosen as the computational method for this study. In this paper, the mooring forces of a large
LNG carrier with spectrum was calculated using the OCIMF mooring equipment guidelines. The calculation shows similar maximum forces resulted from
the calculation using experiment data of a wind tunnel test. To verify the results, OPTIMOOR, a dedicated mooring force calculation software, is used
to calculate the same mooring conditions. The results of both calculations show that the computational method recommended by OCIMF is safe and
reliable. OPTIMOOR calculates more detailed tensile force of each mooring cable. Thus, the calculation on mooring forces of mooring cables of a large

LNG carrier using OCIMF mooring equipment guidelines is verified as an applicable and safe method.
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OCIMF AlFAu A% 714k g8 LNGAYE AlF5 A4t
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Fig. 1. Reference coordinate system.
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Fig. 2. The relation between wind force and wind speed.
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Fig. 3. The relation between wind force and wind angle.
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Fig. 4. Typical wharf mooring arrangement for LNG carriers.
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Table 1. Ship's main parameters

=

b

ballast draft ballast
Parameter LBP(m) B(m) full draft Tgm) TBD(m) Full load A(ton) Afton)
Value 278 45.6 11.7 9.1 131900 84500
Table 2. Wind force calculated from atlas coefficients
Wind angle(®) 0 30 60 90 120 150 180
Fx(kN) 812.4 715.7 357.9 24.2 -259.5 -721.1 -913.5
Full load
Fyw(kN) 0.0 2122.8 3779.5 4247.7 3848.1 1864.3 0.0
Ballast Fx(kN) 873.1 769.2 384.6 26 278.9 -775.0 -981.7
allas
Fyw(kN) 0.0 2337.5 4161.6 4677.1 4237.1 2052.8 0.0
Table 3. Force of flow
Flow angle(®) 0 10 90 170 180
Fiw 161.2 3.1 0.0 -6.5 -158.1
Full load ()
Fyw(kN) 0.0 681.8 771.1 1252.5 0.0
Faw(kN) 168.6 80.3 1.2 -59.4 -117.6
Ballast
Fyw(kN) 0.0 101.4 187.8 105.1 0.0
Table 4. Wind resistance coefficient obtained from wind tunnel test
Wind angle(®) 0 30 60 90 120 150 180
Caw 0.836 1.107 0.567 -0.290 -0.374 -0.785 -0.830
Cyw 0.000 -0.406 -0.866 -1.030 -0.952 -0.526 -0.005
Table 5. Wind force calculated by wind tunnel resistance coefficient
Wind angle(°) 0 30 60 90 120 150 180
Faw(kN) 748.0 990.4 507.3 -259.5 -334.6 -702.3 -742.6
Full load
Fyw(kN) 0.0 637.3 3492.4 4153.7 3839.2 2121.2 20.2
Rallast Fa(kN) 803.9 1064.4 545.2 -278.9 -359.6 -754.8 -798.1
allas
Fyw(kN) 0.0 1802.8 3845.4 4573.7 4227.3 2335.7 2.2

Table 6. The maximum wind force was calculated using the spectrum coefficient and the experimental wind resistance coefficient

Drag coefficient En() Erli)
full load ballast full load ballast
Spectrum drag coefficient 4247.7 4677.1 812.4 -913.5 873.1 -981.7
Test drag coefficient 4153.7 4573.7 748.0 -742.6 803.9 -798.1
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3 iy gziel 05k 180°% W zzbe) el AvpHolrh S8 Hgsel ANG miyAsYe] Auge A= vkt
Table 62 ~HAEH nl&d A3 A9 5 A uldAdgA A el
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Fig. 5. Comparison of wind forces in all directions when a
ship is fully loaded.
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Fig. 6. Comparison of forces from different directions of

wind on a ship in ballast.
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Fig. 7. Layout of cables for LNG carriers berthed at shore

stations under ballast.

Table 7. The cable force

Cable Cable Unfavorable | Cable force Tensile

number length(m) | wind angle(°) (kN) strength(%)
1-A 100 300 384.16 34
2-A 98.6 300 386.12 34
3-B 70.6 300 477.26 42
4-B 71.1 300 470.40 42
6-C 73.7 290 467.46 41
7-C 73.6 290 466.48 41
9-E 64.6 170 289.10 26
10-E 63.9 170 291.06 26
11-H 70.3 30 431.20 38
12-H 72.4 30 425.32 38
13-] 70.7 250 388.08 34
14 70.4 250 391.02 35
17-K 72.6 250 372.40 33
18-K 76.8 250 369.46 33
19-L 88.4 240 322.42 29
20-L 92.6 240 318.50 28
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Table 8. OCIMF map and Optimoor software were used to calculate

the maximum environmental total external force load

Classification

180°F,(kN)
-1099.3

0°Fx(kN)
1041.7

90°Fy(kN)
4864.9

OCIMF spectrum

OPTIMOOR -1227.0
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