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A Study on Container Securing System for Optimum Arrangement

Sang-Hoon Shin*
x [[yundai Maritime Research Institute, Hyundai Heavy Industries Co., Ltd, Ulsan 682-792, Korea

Q 9 : Aoy AFolal AxEe Aol ubd Azide] AAHE Aol WA AAS A Alzwolth Adolvel wiae
) 7P°]f:3}°7°ﬂ 71235k AAF AT, FolW HlA o) mE G W) FA ks AFsha Al‘i} Aoy wjx AAE M=
Aol #& wek(lashing bridge) ¥ 42 T4 B (vertical lashing) $& Zeislof abv, ) 52 F% F4(vertical center of gravity,
VCG)Z H) 38 Zak(stack weight) S 2= Bl A A1E 5= glojo} ghrh & Ao Aiz o2 918 %‘63 A28 st o, W<t
Are 98 %2 A8tz 7A(equality constraint)& HE/e 4 iz HH3 gnelEE HEste] M2 el Aol Ao ML
o} jed AzEe Aoy WA MA AE ZA FAFH, AR ek A A% AAE ok

SMR0 : Adlol AlFoly Alzg, WX AA, 2HolY F& w53 74 A, g4 AFxd, HA3 dud

il

Abstract : Generdlly, container arrangement has been carried out based on the Classification guidelines. However, guidelines provide
only container securing forces for the given container arrangement and Classification requirements of the forces. In order to design
container arrangement additional information is needed such as container securing forces and arrangement that accounts for lashing
bridges, vertical lashing, vertical center of gravity (VCG), and maximum stack weight. Trial and error method using the existing
guidelines requires excessive amount of calculation time and cannot provide accurate results of the calculations. In order to fulfill this
need, a new container securing system has been established based on the equilibrium conditions that include lashing bridges and verticat
lashing. An optimization algorithm has been developed for the new system since current optimization methods such as genetic algorithms
and evolution strategies are unsuitable for the container securing problems, which involve equality constraint. Design variables are
container weights of tier and objective function is either total container weight or VCG of a stack. The newly developed system provides
optimum arrangement of containers for both maximum stack weight and maximum VCG. It also greatly reduces time for designing
container arrangement.

Key words : container securing system, arrangement design, lashing bridge, vertical lashing, equality constraint, optimization algorithm
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Table 1 Comparison of calculated results

A A3 (kN)
Force components GL AE A kgl
zg g s g

R, 15.89 15.89

R, 37.93 37.93
Racking Ry 92.01 92.01
forces

R, 33.67 33.67

Rs 6.53 6.53

T 118.72 118.27
Lashing T, 110.76 110.34
forces

T, 21811 218.11
Lifting force 66.04 66.78
Compression force 853.90 854.00
Conner post load 780.09 779.61

2 =& dix|et Al

[

H= ejActe AXEy] e £e] Axd W(door
end)# 279 W(closed end)?] AFEAE EF wHE3Io]of
sk, AFEAL BT wEshe HH i ete] A#HE GL A
Z A Abdleh vlws) 2.9ka, Table 20 WERIAT

Table 2 Optimum arrangement of various case (unit: ton)

vCG

.
FTH (I‘l’l)

Xy | X2 | X3 | X4 ] Xp

GL ¥ Xt

. 200 | 200 | 200 { 10.0 | 2.0 720 | 4.78
(no wind force)

Max. VCG 1o o\ 105 | 125 | 125 | 120 | 720 | 568
(no wind force)

VCG
Max. VC 235210100 | 90 | 85 | 720 | 492
(wind force)
Y seAa

11.0 1 11.0} 11.0 | 11.0 | 11.0 | 55.0 | 645
(no wind force)

T4 FEAHA
(wind force)

75 | 75 | 75 | 75 | 75 | 375 | 645

d) 744 AS-e H4 wjAeke Ak AAE GL WA
ot} Zo] &S melshd] e F$9 Ho VCGE Z& H
ZgtolH, BAl= €& vl A9 Hd VCGE Ze= o)

A qtolm, ARt xE TH 7o we Y £ AW
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Table 3 Force components with max. VCG considering wind force

A 23 (kN)
Force components
Door end Closed end

R, 1567 100.95

R, 79.21 124.73
Racking forces Ry 95.52 95.52

Ry 54.88 54.83

R 16.79 16.79

T 11745 86.73
Lashing forces P 109.58 80.92

T; 203.50 81.97
Lifting force 97.03 249.84
Compression force 869.52 865.55
Conner post load 785.02 681.90
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