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A Calculation Method of the Ship' s Posture Based on the Static
Equilibrium for the Refloating Plan of the Stranded Ship
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A stranded ship means a ship which is stuck on a rock or a seabed, and cannot move by itself, The lightening plan is required
to refloat the stranded ship, For this, we have to understand the forces and moments acting on the ship, which is composed
of the gravity, buoyancy, and reaction force due to the touched area below the ship, This study defines those forces and moments,
and proposed the calculation method to find the posture based on the static equilibrium, It is divided by two steps, In the first
step, the magnitude and position of the reaction force are obtained based on the known information such as initial trim angle
and draft of the ship, In the second step, the reaction force and the posture is calculated due to the three cases such as addition,
reduction, and movement of the cargo, It is applied to three examples in order to calculate the reaction force, and the trim angle
due to changes of the cargo. As a results, we successfully obtain the magnitudes and positions of forces acting on the stranded
ship and to check the posture of the stranded ship.

Keywords : Stranded(Zl=), Refloating(0|=), Static equilibrium(H& TS)  Reaction force(X
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Fig. 2 Stranding of general cargo ship Lysblink Seaways
(URL : https://www.gcaptain.com)
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Fig. 3 Forces and acting points on a stranded ship
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(1)Gathering input data
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(2)Transformation of local coordinate system
to global coordinate system
I

(3)Calculation of Fi-. C-O-G‘ ‘ (4)Calculation of F;, C.O.B ‘
|

(5)Calculation of stranded reaction force( F;)
and action point acting on vessel

Fig. 4 Detailed procedure of the Step 1

Table 1 Input data for step 1

ltem Abbreviation Unit
Hullform - -
Lightweight(LWT) WiwT ton
e | L |
Vertical center of
gravity of LWT VCCiur m
ith cargo weight Wi ton
ith cargo position (Xui, Yu) m
Draft T m
Local origin (a, B) m
Trim angle 0) degree
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3 This is done by triangle meshes of the body*.
Fig. 5 Polyhedron integral method
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Fig. 7 Calculated force and acting point on stranded ship
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Fig. 9 Movement of the cargo in the stranded ship
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Fig. 10 Changes in the attitude of the stranded ship due
to changes in cargo location.

|C.0.B,,,— C.O.B| < tol (13)

olok @xP7} tol HCF 2 AR, Mz HAkE Fado
Fig. 82| (3) =fdel el 28H(C.0.B)2

o O Hr et 2 o
Wl
’_'n\
UJ\
Pal
r_u. s
.
o
=
;U\
B
i~
ook
lo
bl

0 ofo
ikl
@)
@)
@)

uy
— O ©
33
2 8
my
s
At
i}
o
=)
P
1B
=)
Jok
HT
n
9
rir
Rl
ol
o
<
M
=
T
«Q
(00)

M oox fAr lo
ol oI
IS

oS
e
—~ o %LII% T
U -|.LI_
l-JHFE N3
o 1o
ol o
=
i o
o off w
N
B R
ofr
=
52

= 32
mo
o

o 0

rol

o

T /_-ﬁ_‘
«Q
[e¢]
To

3FOM= 371K Mol sl =
I} 3.20 M= ZARZEY HEX[MDE AlC2|E St Mol
0 2ZollA HMokek o[ siA 2pYE MgstL
Qict 3.30llAM= 6,300 TEU container shipoll 0
SIick

3.1

ial

IARZFe] HIX|AM

Fig. 112} 22 ZARZE dabol HiX|Mof| 0= siAe| =7|
|l ArS ASICHFg. 4). Step 12 A Hm| chAl=
HEX|Mel ZE Al $=RlE 2 HE = Table 29+ 2Tt

T B2 £7| X|HeRE AP 25101 local EEAH
Ato| Mutol Al F ZH1°) 2} global =HEAH Alof|
M Adlo] Wolx| le £I%I(0, 0.5) 22 023510 global =
A2 HElelod FoHFig. 4-(2)). =EA HEE &S50 local
ZZEA0lIM global ZElEH 2 Biskel Muto] SAF2 Table 3z}
2t

=

H
FLIII'I
O o -
O
0
~
&) _G

(3.55,5)

A(—SO, 5) IWl' D(SO,S)

10mJ 0(0,0) |

X ISm

Fig. 11 State before the barge is stranded

Table 2 Input data of a barge

ltem Value Unit
A (-50,5) (m,m)
Hullform 5 750,75) (m, m)
C (50,-5) (m,m)
D (50,5) (m,m)
Lightweight 10750 ton

Longitudinal center of

gravity of LWT 3.55 m
Vertical center of 1 M
gravity of LWT

Cargo weight(w;) 500 ton

Cargo position(w;) (3.55,5) m

Draft 5 m

Local origin (0,0.5) m
Trim angle 1 degree

Table 3 Transform the hullform from local coordinate
system to the global coordinate system

Hullform Local Global
A (=50, 5) (-50.08, 4.63)
B (-50, -5) (-49.90, -5.37)
C (50, -5) (50.08, -3.6266)
D (50, 5) (49.90, 6.37)

M B2 EiEMo| B5kE] SAT} cargol| Sk XS
HIEC R HIX|Mol| ZEste E3nt 288E ALkt 1| #

F
W= Fu f2o| XZHS HLkso] Table 401 LIERHRACE

Table 4 Weight, buoyancy and acting points on a barge

Item Value Unit
Fw 11,250 ton
C.0.G (3.53, 1.73) m
Fs 9,224.8 ton
C.0B (-3.18,-2.28) m

Step 12| OiX|at T} O 2 %£|T A A= HiX|Me| X|odut2dn}
X|HeR REZH2 Table 52+ 2Lt Table 4,59 Zts &at 2H
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Table 5 Calculation result of Step 1 of the stranded ship
using program

Item Value Unit
Fr 2,025.2 ton
(Ix, 1) (34.14, -3.9) m

Fig. 12 Forces and acting points on the stranded ship

Step 29| A HWZ ZEMO| §|’E =3 g T == ol

S MEiSIGICt AEMO| BlE2 local ZHHEA 7IE2E (50,

) fI%2 o|SsIct akEe olsE ?é-?— AZ Mol 28shs
I 37| HalsHA| g=C

WH J—I-’“OE "P""J°l ST —.**ZJS | Alkgtct ofm

Table 6 The center of gravity of the barge changed due
to cargo movement

Item Value Unit
C.0.G¢ (1.16, 1.47) m

M 2 sk =Hol| ol Hatet M2 F21(Fs")2t XN
Hi(FR) 2 AlLBIch AlRkE 2le| 37|= Table 72t 2Th

Table 7 The newly calculated value of buoyancy and
reaction force

Item Value Unit
Fg' 9,941 ton
Fr’ 1,309 ton

Y w2 MZe S IEst SHARZKO)S Akt
ApzAo| BHARIS Table 87}

Table 8 The size of trim angle that satisfies the new

buoyancy
Item Value Unit
0 0.59 degree

CK Hmjj = =
MBICE MZ AHAkE 2ol

HatE detel KMol tiet 4o 28X

o

Zt2F 2 Table 99 ZCh

1o

Al

Table 9 The center of buoyancy of newly calculated barge

Item Value Unit
C.0.Brew (-4.73, =2.49) m

HI 2 Step 22| C.0.Ba2t C.0.Brew w42 H|WSI0{
tol 42 TEE W7HX| BH5 ANt BHEA LS S5101 Al
& ZEMOf AM|et &, 28E 2 Table 102 ZCt HES @

3H Table 10-°-I ZE 2o 2HE HY WA tistHE F

Table 10 The forces and acting points of the barge
calculated by Step 2

ltem Value ltem Value

Fw_new 11,250 ton C.0.G (1.12, 1.25)
Fg’ 9,686.14 ton C.0.B | (-4.20, -2.41)
Fr’ 1563.85 ton (h, y) | (34.14, =3.90)
o’ 1.3775° - -

ofx[etez zEMe| o|Zxof EL$t 0|%242 Table 112}
Zol == XFe| XA vz 75l olEAeE 1.58
A3} (Bartholomew, 1992).

Table 11 The calculation result of freeing force acting on

barge
Item Value Unit
Firee 2,627.27 ton

3.2 AICIE|E &ak Mt

T HWZ Fig. 132t 22 AICRIZ o dHjol| Cfgt of=
S 23519t Step 1 TFHQ| AICI2|ZE cie Ml Sl
HMEE Table 122 Zch

J
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>

2
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3.55,5
4(-50.5) 510 piso.s)

100m /
X %Sm

Fig. 13 Trapezoidal ship before stranded
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Table 12 Input data of the trapezoidal ship

Table 15 The calculation result of freeing force acting on

Item Value Unit the trapezoidal ship
A (-50.5) (m,m) Item Value Unit
B (_50,_5) (m,m) Ffree 868.812 ton
Hullform
C (45,-5) (m,m)
D (50,5) (m,m) HEE 25l Table 142 ZTIE sluf ZHE HE iy Alof|
Lightweight 10,750 ton Cielstd Helsh HE2 o|F1 eSS =ole = UCt o
Longitudinal center of 2oz EEM 0|X0 LRFh 0|F2H2 Table 152 2t
. 3.16 m
gravity of LWT
Vertical center of gravity : m 3.3 6,300 TEU container ship
of LWT
Cargo weight >0 fon AIEM U 212 Clost Halel AlX Mol 28 JHs8S
Cargo_position (3.16,5) m oI5| 2IshA 6,300 TEU container ship &4KlLee et al.,
Draft 5 m 2016)0ll 01 3H4 e SB3ACH 6,300 TEU container
Local origin 0.0.1) m ship (14mi/TEU, 4,682TEU) AlefolMe] @12t M= Table 16
Trim angle 0.3 degree >

SUE YAl tiglslo] Hespl 2Tt 2UE BHES ol
2 ZBsIoict. amfel Mute Fig. 142t 2ot

Table 13 Calculation result of Step 1 of the stranded ship
using program

Item Value Item Value

Fuw 11,250 ton C.0.G | (38.15,1.07)
Fs 10299.89 ton C.0OB (0.42, -2.47)
Fr 950.1016 ton (I, 1) (32.76, -4.73)

Fig. 14 Forces and acting points on the stranded ship(Step 1)

Step 2 TFHOIIM ZEMO| 3lE W, S local EHEA 7|ES
2 (-50, 0) 22 olSsIct stE =Hof <ls HalEl Elnt
2} glof 2EgH, M| XM= Table 142 ZTh

Table 14 The force and acting points of the trapezoidal
ship calculated by Step 2

ltem Value Item Value

Fw_new 11,250 ton C.0.G | (0.896, 0.854)
Fg’ 10732.85 ton C.0.B |(-0.64, —2.574)
Fr’ 517.15 ton (I, 1,) |(32.764,-4.728)
0 0.67° - -

o} ZC} Table 172 container ship cargo2| €12 MEo|ch

Table 16 Input data of 6,300 TEU container ship

ltem Value Unit

LBP 264.050 m

Hullform Breadth 40 m

Depth 24.2 m

Lightweight 43746.3 ton
Longitudinal center of

gravity of LWT ~5.208 m

Vertical center of

gravity of LWT 2.913 m

Draft 14.5 m

Local origin (100, 2.3) m

Trim angle 0.2 deg

Table 17 Cargo data on 6,300 TEU container ship

Cargo hold| Weight [ton] | TEU C.0.G

1 980 70 (114.279, 8.35)
2 3,136 224 (102.702, 4.44)
3 3,696 264 (88.504, 2.78)
4 3,948 282 (74.124, 2.39)
5 4,256 304 (59.734, 3.35)
6 4,648 332 (45.274, 4.6)

7 4,648 332 (30.814, 4.6)

8 5,040 360 (16.354, 5.85)
9 5,040 360 (1.894, 5.85)
10 5,040 360 (-12.566, 5.85)
11 5,040 360 (-27.026, 5.85)
12 5,040 360 (-41.486, 5.85)
13 5,040 360 (-55.946, 5.85)
14 3,528 360 (-86.546, 10.85)
15 3,528 252 (-101.006, 10.85)
16 2,940 210 | (=114.807, 12.3508)
Total 64,448 4,682 -
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Fig. 15 6,300 TEU container ship

6,300 TEU container ship2| ¢l24 HEE HIZOZ Step 12|
S Fsllsict z== 6,300 TEU container shipe| =7|
|, =M 2F2sh= &, 2 &lo| 2EXM 2 Table 181t
Zot zEMo| B3 hydrostatic tableS 0|25k F2AIA
25 ARES10q trimat draftoll 2l 275101 F5iiCt

Table 18 Calculation result of Step 1 of stranded ship

[tem Value Item Point
Fw 109,294.3 ton C.0.G (5.585,13.652)
Fs 101,194.65 ton | C.O.B (=1.743,-4.867)

Fr 8,099.65 ton (e, 1y) (97.148,-11.86)

£ o470l|lM= 6,300 TEU container ship2| Step 22| S2t

N o 3lE9] olF, HMAH ¥ FIh M ghHol| CisiM 2%

ASiiCE A HM 2 cargo hold 18] 3F=8 cargo hold 16

16.125, 23.35) Ix|2 o|sAIZICt &&2| o|=of| 2ofst

9| Step 2 T2| HAt Aok= Table 192 2o} auie
container ship2l XM= Fig. 162 2

l_OEI-H

(-1
£

[ M ve|

£y

Table 19 The result of calculating Step 2 of the container
ship by cargo movement

ltem Value ltem Value
Fw_new 109,294.3 ton | C.0.G | (5.567,13.786)
Fenew | 101,206.20 ton | C.O.B | (-1.750,-4.868)
Froew | 8,088.0971 ton | (I, ) | (97.148,-11.86)
Firee 13,588 ton 0’ 0.206°

Fig.

16 New attitude of the stranded ship by cargo
movement

= 2 MaE 2|x|Q| cargo Hold 12| =2 MAHSISCE
Sk= 7ol 2 Step 2 BFYO| HlAH ZofRt XIMIE Table 20t
Zch el ===l container shipel A& Fig. 171 ZCh

Table 20 The result of calculating Step 2 of the container
ship by cargo removal

[tem Value [tem Value
Fwnew | 108,314.3 ton | C.0.G | (6.701,13.790)
Fenew | 99,859.506 ton | C.O.B |(-0.956,-4.808)
FR_new 8,454.793 ton (I, ) |(97.148,-11.86)
Firee 14,204.05 ton 0’ 0.129°

Fig. 17 New attitude of the stranded ship by cargo removal

OX|Y42 2 cargo hold 160 M2 2tE(weight : 1,176
ton, C.0.G : (-115.466, 25.85))= FJ} Al Step 2 2Fdo| A
3f= Table 213 &k of uf Z=E container ship2| A=
Fig. 187} &t

Table 21 The result of calculating Step 2 of the container
ship by cargo addition

ltem Value ltem Value
Fw_new 110,470.3 ton| C.O0.G | (4.258,13.666)
F new 102,801.8 ton| C.0.B |(-2.670,-4.938)
Frnew 7,668.498 ton | (I, l) [(97.148,-11.86)
Firee 12,883.07 ton 0’ 0.296

Fig. 18 New attitude of the stranded ship by cargo addition
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