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Abstracts @ Due to the COVID-19 pandemic and climate change, shortages of essential commodities and resources continue to occur globally. To address
this problem, trade volume demand suddenly increased, driving up the freight rate of container ships sharply. The size of container vessels progressively
increased from 1,500 TEU (twenty-foot equivalent unit) in the 1960s to 24,400 TEU in 2021. As the improvement of container loading capacity is closely
related to the enlargement of the lashing bridge structure, it is necessary to design a structure effective for good container securing and safe under the
various external loads that occur during voyage. Major classification societies have recently issued structural-analysis-based guidelines to evaluate the
structural safety of lashing bridges, but their acceptance criteria and evaluation methods are different, causing confusion among engineers during design.
In this study, the strength change characteristics are summarized by variations in the main variables (modeling range, opening consideration, mesh size)
likely to affect the results. Based on this result, the authors propose a reasonable structural-analysis-based evaluation that is expected to serve as a

reference in the next revision of classification standards.
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Fig. 1. Ultra large container vessel of 24,000 TEU by EVERGREEN

(https://www.container-news.comny).

Table 1. Principal dimensions of 24,000 TEU container vessel

Item Value

Length overall (m) 400

Length Between Perpendicular (m) 393.1
Length (scantling, m) 387.9

Breadth (moulded, m) 8.0

Depth (moulded, m) 33.2

Scantling draught (moulded, m) 17.0

Design draught (moulded, m) 14.5

Block coefficient 0.73

Max. Speed (knots) 229
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Fig. 2. A typical lashing bridge in container vessel
(https://www.marinelink.cony).
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(b) isolated lashing bridge model
Fig. 3. Analysis modeling.
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Fig. 4. Recommendation of fine mesh condition by LR (2016).
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Table 2. Material properties of the lashing bridge

Component Value
Elastic modulus (MPa) 206,000
Poisson’s ratio 0.3
Yield strength (MPa) 355

Tensile strength (MPa) 490
Elongation (%) 21

Charpy V impact test (J) 27
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D : Displacement
R : Rotation

(a) lashing bridge with hull

D : Displacement
R : Rotation

(b) isolated lashing bridge
Fig. 5. Boundary condition.
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Fig. 6. Load condition induced by container lashing.
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Table 3. Allowable stress criteria under standard mesh (150 mm)

Allowable stress (MPa) Yield

Member | Material | Direct | Shear | Von-mises stress

(MPa) | (MPa) (MPa) (MPa)

Pillar S355 284.0 | 163.3 319.5 355
Brace

Bracket | AH36 284.0 | 163.3 319.5 355
Plate

Plate Mild 188.0 | 108.1 211.5 235

Table 4. Allowable stress criteria under fine mesh (50 mm)

Allowable stress (MPa) Yield
Member | Material Individual stress
Average (MPa) (MPa) (MPa)
Pillar S355 355.0 426.0 355
Brace
Bracket AH36 355.0 426.0 355
Plate
Plate Mild 235.0 282.0 235

184kN x 0.75 Table 5. Allowable stress criteria under very fine mesh (thickness)
/119kN x 0.75 Allowable stress (MPa) Yield
2U2KN PO ; Member | Material _ stress
202kN x0.75 Rod axial (MPa) (MPa)
Pillar S355 5325 355
Brace
Bracket AH36 532.5 355
Plate
Plate Mild 352.5 235
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(b) stress contour without hull

Fig. 7. Von-mises stress contour according to modeling area.
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Fig. 8. Analysis model with/without opening on the platform.
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(b) with opening
Fig. 9. Von-mises stress with/without opening on the platform.
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Table 6. Summary of the analysis cases according to mesh size

No. | Element size (mm) | Node number | Element number
1 50 170,319 170,895
2 100 159,674 160,140
3 150 158,255 159,343
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Fig. 10. Von-mises stress according to mesh size.
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Fig. 11. A comparison of the Von-mises stress distribution

according to mesh size.
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