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Stranding accidents of fishing boats and commercial ships are a frequent occurrence, To minimize the loss of life and property
in these accidents, a refloating plan for salvage operations is necessary, The best refloating plan is a plan for moving, adding,
and removing cargo inside the stranded ship in such a way that the ground reaction force acting on the ship is minimized, To
achieve this, it is necessary to quickly calculate the stranded ship to an equilibrium attitude, In this study, we derived a modified
nonlinear hydrostatic analysis method for finding the static equilibrium attitude of a stranded ship by combining the effect of
ground reaction force, We introduced coordinate transformation matrix between ship coordinate and reaction force coordinate to
modify the equation, The procedure of finding the equilibrium position of a stranded ship is also proposed, Finally, when the
barge and VLCC were stranded, the equilibrium attitude could be successfully calculated by changing the stranding point,
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Fig. 2 Stranding of general cargo vessel Lysblink Seaways
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Fig. 3 Forces and position vectors on a stranded ship
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Table 1 Abbreviation of equation (6)
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Fig. 5 Equilibrium calculation program of a stranded ship
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Table 2 Specification of a stranded barge

ltem Value ltem Value
Length 100 m Displacement 20,000 ton
Breath 30 m | Center of mass (5,0, 2
Depth 10 m Tolerance 1
Origin of Ground reaction
O coordinate 0.0.0 point( ) (30,0, -9)

Table 3 Forces/moments and points on initial condition

[tem Value Point
Fg 20,000 ton (5, 0, 2)
Fy 15,409 ton (0, 0, —2.5)
Fg 4,590 ton (30, 0, -5)
Mg, 1 100,000 ton *m -
Ms 1 0 -
Mgz 1 137,715 ton *m -
HLE enf BHES| FT|E Fig. 429] (3) S CHlstod
A/t vl WskH Al (16)1f 2.
F Fp+Fg —F¢ 0
Mr|=|Mgr+Mgr—Mgr|=| 0 |=tol (16)
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Table 4 Calculation results of 1% iteration

ltem Value ltem Value
(8¢ %80%) | (0, 0.007 deg) 2p, o5
Ayp 3,000 m? 2g, 2
(0 90) (0, 0) Iy 225,000
(. vg) (30, 0) I 2,500,000
v 15,000 m® Ip 0
Svenc] Sifp en Rregram

Bl A = (e engle s
=m%§§m

Fig. 7 Equilibrium attitude of the stranded barge
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Table 5 Forces and points on equilibrium attitude

ltem Value Point
(845,005 ) (0, 0.4 deg) -

Fy, 20,000 ton (49,0, 1.8)

Fy 16,074 ton (1.1, 0, -2.6)

Fp 3,925 ton (30, 0, -5)

Table 6 Forces/moments and points on initial condition

ltem Value Point
Fg 20,000 ton 5, 0, 2)
Fp 15,409 ton (0, 0, -2.5)
Fg 4,590 ton (30, -2, -5)
Mg, 1 100,000 ton *m -
Mg, 1 -9,181 ton*m -
Mg, L 137,715 ton *m -
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Fig. 8 Equilibrium attitude of the stranded barge

Table 7 Forces and points on equilibrium attitude

ltem Value Point

(8¢ .005)  |(-3.2 deg, 0.3 deg) -
F¢ 20,000 ton (4.9, -0.3, 1.7)
Fg 16,247 ton (-0.8, 0.9, -2.6)
Fg 3,752 ton (30, =2, -5)
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Fig. 9 3D model of 320K VLCC

Table 8 Specification of 320K VLCC

ltem Value Item Value
Length 300 m Displacement | 320,000 ton
Breath 54 m Center of mass| (20, 0, 5)
Depth 10 m Tolerance 1
Origin of Ground reaction _
O coordinate ©.0. 0 point( /) (%0, 0, -15)

Table 82| &g 7|&E22 ot ALt ZIt= Table 92t &Th
A (17)2 2ol ALt 2ot e XML ofHEZ 2R KA
ALE FEEICE ALt Zok= Table 1001 MalsIict

Table 9 Force and point on initial attitude of case 1

ltem Value Point
F¢ 320,000 ton (20, 0, 5)
Fg 224,317 ton (74,0, -72
Fi 95,683 ton (90, 0, —-15)
Mg.1 6,400,000 ton *m -
Mg, 1 1,669,445 ton *m -
Mg.1 8,611,436 ton *m -
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Table 10 Calculation results of 1% iteration of VLCC

Table 13 Forces and points on equilibrium attitude of case 2

Item Value ltem Value [tem Value Point
(8pp.805) | (0, 0.016) g, 7.2 (8pp.00,) |(23.02 deg, 0.49 deg) -

Awp 16,017 Zg, 5 Fg 320,000 ton (19.9, -7, 2.5)
(zpryr) | (0.28,0) Iy 4,026,532 Fg 261,159 ton (7.7, 9.5, -8.9)
T (%0, 0) I 105,830,806 Fr 58,841 ton (90, 0, ~15)

v 218,356 Ip -0.3
StandedBShiplon]Brooram

Table 11 Forces and points on equilibrium attitude of case 1

ltem Value Point
(8¢ 5,60 1) (0, 0.8 deg) -
Fg 320,000 ton (19.7, 0, 3.9)
Fg 247,880 ton (-0.7, 0, =7.7)
Fx 72,120 ton (90, 0, -15)
Sttendedlshiplonerogiam

EquilibriumfAttitudeltieel H0)
=ﬁﬁm§1§?jﬁs@@

Fig. 10 Equilibrium attitude of case 1

Table 12 Initial force, point and moments of case 2

ltem Value Point
Fx 95,683 ton (20, 1, —=15)
Mg, 1 95,683 ton *m -
Mg 1 8,611,470 ton*m -
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Fig. 11 Equilibrium attitude of case 2

Table 14 Initial force, point and moments of case 3

ltem Value Point

Fg 95,683 ton (=50, 2, -15)
Mg 191,366 ton *m -
Mg.1 4,784,150 ton *m -

Table 15 Forces and points on equilibrium attitude of case 3

ltem Value Point
(8¢ 4,00,) |(20.49 deg, —2.37 deg) -
F¢ 320,000 ton (20.7, -6.8, 0.1)
Fg 292,480 ton (25.3, 7.5, -10.2)
Fg 19,520 ton (-50, 2, -15)
StrandedjShiplon]Rrogram]
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Fig. 12 Equilibrium attitude of case 3
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