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Mechanical Characteristics of a Laminated Board for
Fishing Vessel with a Middle Resin Layer Mixed with
Alumina Powder
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Abstract : Fiber-reinforced plastics are widely used in marine manufacturing. The number of FRP
material fishing vessels steadily increases since 1992, up to 531.9% in 2018. The ratio of the number of
FRP fishing vessels to that of the total fishing vessels increases from 15.4% in 1992 to 96.9% in 2018.
The disadvantage is that FRP vessels are easily broken by external impacts. Recently, various studies
have been conducted to enhance the strength and elastic modulus by mixing alumina powder with resin.
In this study, the resin was mixed with alumina powder at a rate of 0%, 1%, 5% and 10%, and
applied to the middle layer. From the experiment results, it was found that the resin mixed with
alumina powder by 5% (ALS5L-5) showed the highest tensile strength and an improvement in strength
by 5.4% compared to the neat resin. The tensile stress-displacement curve showed a sharp vertical bent
at the final fracture surface. The pop-in phenomena was also in the resin mixed with alumina powder.
In their stress-strain curves, the stress dropped momentarily and then increased again. Neat resin
specimens showed the highest at flexural strength. In the elastic flexural modulus results, the neat resin
and ALS5L-10 exhibited the highest values. In the flexural specimen, cracks generally began from the
lower surface of the specimen. As the ratio of alumina powder increased, the crack progression length

and the total crack area decreased.
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Table 1 Engineering properties of M?723-450 and

WR-570-100
Property M723-450 | WR-570-100
Laminate glass content(%) 34.19 52.9
Flexural strength(MPa) 737.28 414
Flexural modulus(GPa) 154.17 14.2
Tensile secant
modulus(GPa) 1131 22
Compressive
strength(MPa) 152.09 240
Compressive
modulus(GPa) 7.302 17.5
Water absorption at 7 63.54 422
days(mg) ’ ’

Table 2 Engineering properties of G-613BT(R)
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Property Value Mat
Specific gravity(25TC) 1.05-1.15
Viscosity(mPa.s) 250-580 Fig 2 Schematic drawings of the specimen
Acid(mg-KOH/g) 12-18
Gel time(Min) 7-22 . . L .
Max. Heating temperature(C) 120-150 Table 4 Alumina powder mixing ratio in specimens
Proportions in volume%
Sample code - -
Table 3 Engineering properties of alumina powder” Resin(mL) | Alumina powder(mL)
Property Value Neat resin 2,000 0
Density(g/cm’) 3.97 ALSL-1 2,000 20
Flexural strength(MPa) 379 ALSL-5 2,000 100
Elastl(f modulus(GPa) 373 ALSL-10 2,000 200
Poisson’s ratio 0.22
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Fig. 3 SEM images of specimen (a) Neat resin and

(b) ALSL-10
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