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Structural Strength Assessment of Titanium Alloy Leisure Boat

Jae-Seon Yum
Department of Naval Architecture and Ocean Engineering, Mokpo National University
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Abstract People's interest in leisure activities in the sea is increasing, and research and development on
leisure boats are progressing. FRP and aluminum alloy are widely used as hull materials for marine
leisure boats. However, FRP has environmental pollution problems, and aluminum alloy has high thermal
conductivity and fire susceptibility. Therefore, new hull materials are required. It is necessary to examine
whether titanium alloys with high specific strength and corrosion resistance can replace these materials.
It has already been confirmed that small titanium leisure boats are competitive through economic
analysis. The ISO bottom slamming load was applied as a design load in a structural analysis model. The
titanium alloy boat was designed based on an aluminum alloy boat of the same class. The structural
strength was evaluated by linear static analysis considering dynamic effects. Its safety was confirmed,
and it is expected to reduce weight due to its high specific strength, which will reduce operating and

maintenance costs.
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Fig. 1. Titanium alloy boat
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Table 1. Mechanical properties

Material | Ti-6AI-4v | AL5083-0 | Frp | Mild
Steel
Density
(ton/m3) 4.62 2.77 1.51 7.85
Tensile yield
trengthvpe) 930 280 N/A | 250
Tensile ultimate
strength(Mpa) 1070 310 120 460
Young's
modulus(Gpa) 96 71 8.20 200
Poisson's 0.36 0.33 025 | 030
ratio
Specific 23160 | 11191 | 79.47 | 58.60
strength
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Fig. 2. General arrangement of 60 feet power boat
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Fig. 3. Geometric model in Rhino 7

Fig. 4. Finite element model in ANSYS
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Table 2. Principal dimensions of aluminum boat

Length Overall (LOA) 19.85 m
Length Between Perpendicular (LBP) 17.19 m
Length of Waterline (LWL) 17.19 m
Moulded Breadth (Bmax) 6.05 m
Moulded Depth (D) 2.67 m
Moulded Draft (T) 0.90 m
Design Speed (V) 32 knots
Displacement Volume 41.46 m®
Displacement (1.025 ton/m?) 42.50 ton
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k.. curvature correction factor for plating

o, design stress for plate
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Table 3. Member thicknesses
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Fig. 5. Stress results for bottom plate of a aluminum
boat
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Fig. 6. Isoview of equivalent stress in titanium boat

Fig. 7. Stress results for bottom plate of a titanium

boat
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Fig. 8. Isoview of deformation in titanium boat
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Fig. 9. Deformation for bottom plate of a titanium

boat
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