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"Study on Cargo Securing System on Ship”

Summary

To reduce the risk of cargo losses, Cargo Securing Manual (CSM) is required since January 1,1998
by SOLAS Convention. To.draw up CMS, the securing arrangements should be evaluated from the view

point of actual forces acting on cargoes and securing devices.

To evaluate securing arrangements of container ships, several classification societies published the
standards. Each standard involves its specific procedures as simplified formulae. These formulae are
easy to use, however, their applicability to extraordinary sized ships and to new types of securing
arrangements are not clear. For pure car carriers, there is no official formulae for evaluation of
securing arrangements of cars established by IMO or classification societies. The purpose of the
research project is to develop new method for evaluating securing arrangements of containers on decks

and cars on pure car carriers.

To evaluate the methods of cargo securing, acceleration acting on cargoes should be estimated. To
develop methods for estimating acceleration, we carried out experiments on container ships and pure
car carriers for a long time. As a method for estimating the acceleration, we examined the applicability
of the long-term distribution calculation of acceleration and acceleration ellipses/ellipsoids described
in the IGC Code, based on the resuits of the experiments and long-term distribution calculation, i.e., the

direct linear calculation, of the forces acting on cargoes and securing devices.

As the methods for evaluating forces acting on cargoes and securing devices under the given
acceleration condition, we developed some numerical simulation programs taking the non-linear
behavior of securing devices into consideration. Simultaneously, we carried out the experiments on the
evaluation of forces acting on cargo securing devices using Multi Cargo Simulator, ie., the large
motion platform owned by NYK Logistics Technology Institute, and experiments in container ships
and pure car carriers. Based on the results of these experiments, the effectiveness of the numerical

simulation programs were confirmed.

Using the developed methods for evaluating securing arrangements, trial design of a large container
ship and new securing arrangements of containers on the deck was carried out. Furthermore, effective

securing method for cars in pure car carriers was investigated.
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@ Roliing conditiorc
= Maximum roll (descending) with meximum heave (descending).
[d———— * Maximum roll (ascending) with maximum heave (ascending).
@ Pitching condition:
* Maximum pitch {descending) with maximum heave (descending).
+ Maximum pitch (ascending) with mexinmum heave (ascending).
@ Combined conditior
HEONH + 0.71 (Maximum roll {descending) with maximum pitch (descending)).
+ 0.71 (Maximum roll (ascending) with maximum pitch (ascending)).
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LCG [m] TCG [m] VCG [m] GM [m] speed [knt}
longi. | trans. | verti. | longi. | trans. | verti. | longi. | trans. | verti. | longi. | trans. } verti. | longi. | trans. { verti.
accel. | accel. | accel. [ accel. | accel. | accel. | accel. | accel. [ accel. | accel. | accel. | accel. | accel. | accel. | accel.

LR X X O X X X Ol O % X 0 % - _ _
AB X X @) X X X O X X O X - - -
DNV X X O X X X O X X X O X O

GL | X O] O] - - - x| O| x| x| O x| - - -
NK [ X | O} Of - - -1 O xy x| x]O]l x]|O|O|O
BV X X O O O X X X X X X X
strip | X { O | O OlO|I x| x| O x])]O|]0O|O

[1] longi. accel. : longitudianl acceleration
trans. accel. : transverse acceleration
verti. accel. : vertical acceleration
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Load [kN]

Container racking A
stiffness (Door end)

6.72% 108 [N/m]
1 1

0

0 5 10 15 20
Displacement [mm]

2.2-5 av7+oORIE

#£2.2-1 2r7FoRIME B4 kN/mm
LR ABS DNV GL NK BV EEBRE
Door End 3.441 3.727 3.850 3.704 4.000 6.721
Closed End 15.087 | 15.691 | 10.000 | 16.667 | 15.696 | 16.000 | 24.933
Side Wall 5.604 5.786 | 10.000 39.222
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EEREIZ12.405

® KAEMABEFERESRC L kR
@ - rEENHEETIARRIT S, AEBXEEEREE (MCS) # -T2y
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