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Container vessel sizes have constantly increased over the past two decades, With increasing ship sizes and higher container loading
capacities, the adoption of lashing bridges has also increased, Today s lashing bridge designs range from 1st tier to 3rd tier lashing
bridges, Container securing program of the past which is based on two lashing rods and 1st tier lashing bridge has to be improved to
be suitable for the present time. The equilibrium equations in this study are established to cover the application of 3~4 lashing rods
and 2nd~3rd tier lashing bridges, In addition developed program is improved to be able to calculate the reaction forces and optimum
arrangement under the external lashing, An optimization algorithm which is suitable for the container securing problems involved the
equality constraint has been also adopted in this study.
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Fig. 1 Forces acting on the containers and lashing rods
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Table 1 Design condition

10i] LIEfH Zdnt Zct,

ltem Value
Length between perpendiculars (Lpp) 352.00m
Moulded breadth (Bmou) 51.00m
Design draught 14.50m
Service speed (at NCR) 23.004n
Block coefficient 0.600
Bilge keel area 35.2017
Stack distance from AP 175.00m
Vertical position of bottom stack 32.15m
Container height 8.5/t
Container length 407t
The number of tier 6
Location of lashing bridge 3tier
4tier top
Lashing position Stier bottom
Gtier bottom
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Table 2 Comparison of calculated results

Result(kN)

Force components GL Stowlash Present study
R, 88.58 88.58
R, 25.40 25.40
Racking Ry -31.75 -31.75
forces R, -83.66 —-83.66
R, 15.81 15.82
R, 11.76 11.76
Lash 7 109.04 109.04
ashing 7, 101.73 101.73

forces

T, 71.94 71.94
Lifting force -194.91 -193.55
Compression force 474.04 475.40
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Table 3 Comparison of lashing type (internal vs. external)

Force Internal(AN) External(AN)
Lashing force 161.85 161.85
Lashing force 104.00 104.00

(horizontal)
Lashing force 124.01 124.01
(vertical)

Lifting ~181.46 -57.45

force
Compression 587.84 463.83
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Table 4 Optimum arrangement of various cases (unit : ton)

Max. Va
VCG * Homogeneous | Homogeneous
VCG " "
(w/o ! condition condition
. (w/ wind ) )
wind force) (w/o wind (w/ wind
force) force) force)
T 24.5 30.5 17 8
Ty 18.5 30.5 17 8
Ty 18 29 17 8
T, 17.5 10.5 17 8
Ty 17.5 10 17 8
Tg 17 10 17 8
Ty 17 9.5 17 8
Total ey | 430 119 56
weight
VCG 8.491 6.539 9.014 9.014
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