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Study on Safe Lifting of a Sunken Ship

ABSTRACT

In this study a simple engincering approach to the sunken ship salvage is made.
The method takes into account the relation of lifting forces acting in wire rope
slings to the inclination of the vessel including the effect of lug positions of which
the application to salvage is relatively new. An introduction to the general salvage
is made and the several salvage technmiques are categorized. The importance of the
sunken ship salvage is explained from the statistics of ship casualties during last
15 vears. Euler angles are introduced to represent the inchination of a sunken ship
in developing the static force and moment cquations. Two dimensional and three
dimensional examples with one redundant degree of freedom for a GTIS00 il
tanker are analvzed and the results show that the information obtained by the
method could be useful to salvors to conduct salvage work.
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Fig. 2.9 Yearly occurrence of the sea perils.
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Fig. 2.10 Yearly occurrence of the sea perils categorized by vessel type.
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Fig. 2.11 Yearly occurrence of the sea perils categorized by tonnage.
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W y.cos sin g — ( Ty — W )(x;cos fcos ¢+ z,5in §— y,cos fsin @)
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(x| cos Bcos ¢ — x5cos fcos ¢+

2z, sin 80— z;sin — ¥, cos sin ¢ + y,cos fsin @)
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W x sin¢sin¢g— ( Ty — W )(— z, cos cos ¢+ x,cos $cos ¢sin §—
¥, cos ¢sin fsin ¢ — y, cos dsin ¢ — x;sin gsin ¢)) )/
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(z, cos Ocos ¢ — z,cos fcos ¢ — x, cos dcos ¢gsin G+

(15)

X5C0S ¢cos ¢sin 8+ y, cos ¢sin fsin ¢ — y,cos ¢sin fsin ¢ +
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Ty= —(—(Tx cos fcos p—
Wx cosOcos¢+ Tyz,8in0— W z,.sin 0— T,y,cos Osin ¢ +
Wy cosOsing— (T, — W )(x,cos fcos ¢+ z,sin — v, cos fsin ¢))
(2) cos cos ¢ — z,c0s Ocos ¢ — x,cos ¢ cos Psin 6+
X, €08 ¢cos ¢sin 0+ y, cos ¢sin Osin ¢ — v, cos ¢sin Osin ¢ +
¥1€0S ¢sin ¢ — y,cos #sin ¢+ x; sin gsin ¢ — x,sin fsin ¢) +

(—x, cos Ocos ¢+ x,cos Ocos ¢ —

z;5in 0+ z,sin 0+ vy, cos fsin ¢ — y,cos Gsin ¢)

(— T,z,c08 Ocos ¢+ W z,cos Ocos ¢+ Tyx,cos ¢eos dsin @ —

W x.cos ¢cos ¢sin @ — Ty, cos ¢sin sin ¢ + W vy, cos ¢sin fsin ¢ —
T yscos¢sing+ Wy .cos ¢sing— Tyx,sindsin ¢+
Wx.singsing— (T, — W)(— z, cos fcos ¢+ x,cos ¢cos ¢sin § —
z8In 0+ z4sin 6+ y; cos fsin ¢ — y4 cos Psin ¢)

¥, €os ¢sin sin ¢ — y, cos ¢sin ¢ — x; sin sin¢)))/
(= (—x, cos fcos ¢+ x;cos Ocos ¢ —

(2, cos cos ¢p— z4c0s Ocos ¢ — X1 COS pcos ¢sin 6+

X2€08 $cos ¢sin O+ y) cos ¢sin 0sin ¢ — y,cos ¢sin sin ¢ +

¥1 €08 ¢sin ¢ — y,cos #sin ¢+ x; sin ¢sin ¢ — x,sin ¢sin @) +
(—xy cos Ocos ¢+

X508 cos ¢ — zysin G+ z,s8in G+ v, cos fsin ¢ — v, cos Osin ¢)
(2,08 Ocos ¢ — z3c08 Bcos ¢ — x, cos ¢ cos dsin O+

X4€08 ¢cos ¢sin @+ y) cos ¢sin 4sin ¢ — y,cos ¢sin Osin ¢ +

V1 €08 ¢sin¢ — y;cos sin ¢+ x; 8in ¢sin ¢ — x4sin dsin ¢))

Ty= (cosl(Ty(=x,+a)+ W (—xs+x))cosd+ W(d—y,)
sing) + sin (W (d—y)cos g+ (T (x;—x2) + W (x,—x.))
sin@)sin @)/ ((x; —x,)( cos pcos ¢— sin fsin ¢sin ¢))

To= (cos (T y(x;=x5)(2, —23) +
W(—x.z —xiz3+tx2;+x(z,—2)+x2,))
cosdp— W(d—y)z;—z)sinp) +
(=W (d—y)((x,—xy)cos 0+ (2, — z3) cos ¢sin 0) —
(T, (x| — )2 —zy)+
W(—x.2,—x123+x.23+x(z,— 2.) + x,2.) sin fsin ¢)
sin¢)/{ (x; — x5)(2; — 23)( cos ¢cos ¢ — sin Osin $sin ¢))

T;g = ( T»l (_ ral +23) + W’(Zl _Z(.) +
(W (= d+yJ)cos Osin¢g)/( — cos pcos ¢+ sin fsin ¢sin ¢))/

(z, _Zii_)

W

Fig. 3.2 Model for two dimensional one redundancy problem.
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Fig. 3.3 Model for three dimensional one redundancy problem.
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Table 4.1 Locations of lugs and CG(2D case)

(¥F9im)

- case | - o case 2
) X v X v
T, 16.2 6 16.2 6
T, 65.6 6 65.6 6
I T, 2.1 6 3035 6
%% 35.86 25 35.86 25
Table 4.2 Locations of lugs and CG(3D case)
(¥F91m)
X v z
up cap up cap up cap
T, 16.2 16.2 6 12 12 478
T, 65.6 65.6 6 12 12 4.78
T, 65.6 62.6 6 12 0 1.22
T, 16.2 16.2 6 12 0 1.22
W 35.86 35.86 25 6 6 25
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Fig. 4.1 Particulars indicating the locations of lugs and CG.
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Fig. 4.7 Initial configuration of the ship.

Fig. 4.9 T,,T,, Ty versus T, with the change of the angle #(3D upright).

Fig. 4.10 T,,T,, T3 versus

Fig. 4.11 T, T,, T; versus T, with the change of the angle ¢(3D capsized).
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