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Changes of Mooring Force due to Structural Modification of a Barge Ship
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ABSTRACT

Structural modifications of a ship may cause a fatal accident such as sinking and wrecking of ship. Especially, barge ship
can be easily reconstructed to load more bulk cargo. In this study, for a real accident case, change of mooring force due to
structural modification was analyzed to evaluate accident risk. A two dimensional dynamic model for the barge ship was
constructed to compute mooring forces with related to floating motion. The equation of motion was established in Matlab code
and buoyancy was calculated by using direct integration of submerged volume. The results showed that wind force, current
force, and mooring force after rebuilding was approximately 4.3 kN, 14 kN, 1,561 kN respectively. The maximum force of
mooring force according to the length of mooring cable were 1,614 kN at 30 m of mooring cable. Thus, an arbitrary

modification of ship lead instability and unreliable result so that illegal rebuilding of ship should be avoided.
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Fig. 1 Geometric changes of the Barge ship after
structural modifications
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Table 1 Barge specifications before rebuilding

Item Value Item Value
Width(m) 16 | Weight before rebuilding (ton)| 457
LOA(m) 46.1 Maximum buoyancy(ton) 21107

% | Line of the water surface

Fig. 2 Separated volume sections for the barge to calculate the
center of buoyancy

Table 2 Estimation of barge weight after rebuilding

Item Value Item Value

Draft at stern 13 Upper water ’hull 15868
(m) volume (m?)

Draft at stem (m)| 05 | Cnder water hall g, 0
volume (m?)

Weight difference
524.8 between before and 67.8
after (ton)

Estimated weight
(ton)
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Fig. 3 Separated volume sections for the barge to calculate
the center of buoyancy

Table 3 Calculation of volumetric center from the summation of
separated sections

Center | Center Volume | Volume
Part| Sub | Area|Volume of x | of y moment | moment
of x of y

All | 17| 169 | 267 | 056 45.0 95

Al2 | 51 | 506 | 700 | 042 354.3 21.3

Al Al13 | 1.7 | 169 | 1133 | 0.28 191.2 47
Sum | 84 | 844 | 700 | 042 590.5 3.6

A21 | 34 | 540 | 1267 | 056 633.9 304

A2 | A22 | 258 | 4130 | 2930 | 042 | 12101.7 | 1742
Sum | 292 | 4670 | 27.38 | 044 | 127856 | 204.6

A31 | 08 | 121 | 4520 | 0.70 5469 8.4

A3 | A32 | 01 18 | 4620 | 106 79.3 19

Sum | 06 | 103 | 4520 | 063 | 467.7 6.6
Total 383 | 5617 | 2465 | 044 | 133437 | 2467

Deckhouse

S Q«O ,)

Buoyancy center change

Fig. 4 Buoyancy center change before and after rebuilding
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[tem Before rebuilding After rebuilding
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Heaving motion
Barge ship

'Surging motion L .
Pitching motion

=<

mooring cable

X

Reference coordinate

Fig. 9 Moored barge motion
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Table 5 Calculation of volumetric center from the summation of
separated

Range of Motion(m)

force Horizontal Vertical
(kN) (x) )

1614  -359~072 -594~0
1125 -197~099 -513~0
1158 -1.15~062 -476~0

Moor
cable
length
30 m
50 m
70 m

Rotation
(rad)

-0.762~0.251
-0.506~0.441
-0.525~0.436
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Fig. 10 Mooring forces according to the length of mooring cable
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