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Numerical simulation of the behavior of multi high container stack and the consideration on the container securing system

- 1* Report: Rigid-body modeling -

by Toichi Fukasawa, Member Nobuya Ohtsuki
Kiyohito Uenishi, Member
Summary

With the increase of the size of container ship, the number of container stack on deck is increasing up to 8 high. The multi high
stack containers are secured with the use of securing system such as twistlock or lashing rod; however, incidences of container loss
due to stack failure have been reported in recent years. In the present paper, behaviors of a container stack on deck were analyzed by
a motion simulation software of complex mechanical assemblies. The container is assumed to be rigid and modeled in a
column-plate structure. The twistlock and the lashing rod are also model in a rope. The dominant ship motion to container stack
failure was clarified firstly, and the effectiveness and limitation of the use of twistlock and/or lashing rod were investigated. The
securing system with the use of twistlock and the lashing rod were discussed based on the simulation results.
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Fig.1 Container model

Table 1 Dimension and weight of container elements

Dimension [mm] Weight [kgf]

Vertical Column 2534 X 20 X 20 250 X 4

Horizontal Plate 12192 X2438 X tl6 4500 X 2
Corner Fitting 200 X 200 X t25 9.42

Table 2 Ship motions

Roll Pitch Heave

Amplitude 23.8 [deg] 5.0 [deg] 3.525 [m]*
Period [s] 25.78 8.22 8.40

*  Heave amplitude is assumed to be Lpp/80.
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Fig.2 Twistlock and corner fitting
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Fig.3 Horizontal securing force on corner fitting
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Fig.4 Vertical securing force on corner fitting

Fig.5 I-type pin model
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Fig.6 Horizontal securing force on corner fitting (Pin model)

9 —— Closed End (Left) —— Closed End (Right) |—
r Door End (Left) —— Door End (Right)

JA_J

0 5 10 Time[s] 15

Fig.7 Vertical securing force on corner fitting (Pin model)
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Fig.8 Rope model
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Fig.9 Horizontal securing force on corner fitting (Rope model)
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Fig.11 Horizontal securing force on corner fitting (Twistlock)
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Fig.12 Vertical securing force on corner fitting (Twistlock)
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Fig.13 Twistlock tension (Twistlock)
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Table 3 Loads on Containers

Load [tonf]
Corner Post Compression 86.4
Vertical Compression on Bottom Corner Fitting 97.2
Transverse Securing Force on Top Corner 25.4
Corner Fitting Bottom Corner 35.6
Lashing Force on Corner Vertical 30.5
Fitting Horizontal 15.2
Vertical Tension on Top Corner Fitting 20.3
Vertical Tension on Bottom Corner Fitting 25.4
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Fig.14 Twistlock tension (Twistlock)
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Fig.20 Time history of horizontal container securing force on corner fitting (Twistlock + Lashing, 4 high container stack)

‘  (i
m, M ,,umu,.,w

! ILJLLI'W
20

‘ | 0
A 0 Mk
25 [s] 30 5

MW

| Tier 3 bottom

|]“ ‘I ’\“ I
P!

20

25 [s] 3

[tonf]

Tier 4 bottom

—

|
g AlummMmMMm.r

15 20 25 [s] 3

Fig.21 Time history of vertical container securing force on corner fitting (Twistlock + Lashing, 4 high container stack)
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Fig.22 Time history of twistlock tension (Twistlock + Lashing, 4 high container stack)
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Fig.23 Time history of lashing tension (Twistlock + Lashing, 4 high container stack)
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Fig.24 Time history of horizontal container securing force on corner fitting (Twistlock + Lashing, 5 high container stack)
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Fig.25 Time history of vertical container securing force on corner fitting (Twistlock + Lashing, 5 high container stack)
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Fig.26 Time history of twistlock tension (Twistlock + Lashing, 5 high container stack)
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Fig.27 Time history of lashing tension (Twistlock + Lashing, 5 high container stack)






