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Abstract Boat or yacht hull has been built mainly by FRP composite materials. FRP boat hull manufacturing
begins to be restricted after the year 2000 under international regulation on ocean environment safety. The
alternative of FRP has been proposed by many boat builders and high strength aluminium is considered as its
standard material. But high strength aluminium is very expensive as boat hull material. In this study, boat hull
is considered to be built by high density polyethylene and its structural strength is estimated by longitudinal
strength test method on small craft. Tensile strength of polyethylene boat hull material is higher than that of
FRP boat hull material. But safety factor of polyethylene boat hull is more than that of FRP boat hull. These
study results indicate structural integrity and quality control of polyethylene boat is better than those of FRP boat.

Key Words : FRP(Fiber Reinforced Plastics), HDPE(High Density Polyethylene), Boat Hull, Structural Strength,
Longitudinal Strength Bending Test, Safety Factor
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[Fig. 2] Fracture photograph of tension specimen
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[Table 1] Mechanical properties of high density polyethylene and multi-axial fiber glass

Material Tensile strength | Elastic modulus :tlrzf;:}% Elongation
(MPa) (GPa) MPa) (%)
HDPE (Daelimpoly 4570UV) 21 22 11.9 83.5
Bi-axial LT600 173 109 - -
Multi-axial DB400-E06 99.4 7.88 - -
fiber glass Double-bias
DB600-E06 107 8.43 - -
[Table 2] Main dimensions and load conditions of polyethylene boat
Load (kg)
Length Width Depth Speed
Light (m) (m) (m (knot) Hull Engine Battery Etc.
load
54 2.03 0.21 25 420 100 19 531
Light load Maximum load of Fuel load
Full load (kg) people on board (kg) (kg)
1070 600 100
[Table 3] Main dimensions and load conditions of FRP boat
FRP,; FRP» FRP3 FRP4 FRPs
Length (m) 5.53 5.53 7.26 4.46 4.20
Width (m) 2.15 2.15 2.61 2.00 1.20
Depth (m) 1.30 1.30 1.48 0.80 0.60
Speed (knot) 30 30 46 30 25
Hull 906 760 1400 730 230
(kg)
Light Engine 110, 110, 100,
load (kg) 190 190 200 190 30
Battery
20 20 50 20 20
(kg)
Light load 1036, 890, 850,
(kg) 1116 970 1650 940 300
Fu | Maximum l‘t’)‘:)‘ir;’f people on 420, 420, 350, 420, 140,
load 700 700 700 700 350
kg
Fuel load 80 80 300 20 20
kg)
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[Fig. 4] Structural strength test of polyethylene boat
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[Fig. 5] Dial gage position in longitudinal strength test by
distribution load method
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[Table 4] Modified displacement equations in longitudinal
strength test by distribution load method

Hull position Modified displacement Equations

Keel B-1/2(A+C)
Width D+E
Depth B+1/2(F+G)
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[Table 5] Allowable displacement for polyethylene boat
hull subject to distribution load

Hull position Limit
Keel Smaller than £/500(mm)
Width Smaller than £/250(mm.)
Depth Smaller than £/500(mm)
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[Table 6] Load and displacement data for longitudinal
strength test

Gages Displacement 1) (mm)

Load

A| B |C|D|E|F]| G
N

3,920 1.6 | 352 | 284|103 | 156|272 | 2.66

7,840 304 | 62 |347|158 (283|481 | 525

11,760 476 | 946 | 521 |355|434| 81 7.8

15,680 638 | 1249 | 6.63 | 489 | 5.12 | 1116 | 10.46
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[Fig. 6] Relationship between distribution load and
displacement on polyethylene boat keel
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[Fig. 13] Partial safety factors of polyethylene and FRP
boats by uniform load method
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[Table 6] Total safety factor of polyethylene and FRP
boats by uniform load method

Boat type Total safety factor Sy,
Polyethylene 245
FRP 5.6
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