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Abstract The structural safety of small craft, such as steel ships and FRP ships, can be estimated using the
measurement test of the hull plate thickness or the longitudinal bending strength test. A polyethylene boat is made
using inexpensive HDPE and can be mass produced. The structural safety of a polyethylene boat cannot be guaranteed
because a polyethylene boat hull is notspecified in the KR technical rules. The inspection procedure of sailing yachts
and pleasure boats and drop test method of ISO standard 12215-5 propose the structural strength required for small
crafts as the drop test height. Therefore, in this study, the drop test of a polyethylene boat hull was carried out based
on the inspection procedure of a sailing yacht and pleasure boat and the drop test method of ISO standard 12215-5.
The drop load was acquired by the drop acceleration ofa boat hull. Structural analysis and safety of a polyethylene
boat were performed by the drop load and allowable stress criteria. The calculation results of the hull plate thickness
by structural design specification of ISO standard 12215-5 showed that polyethylene boat hull was more than two
times thicker than a steel ship hull and the boat hull determined by the inspection procedure of sailing yacht and
pleasure boat and drop test method of ISO standard 12215-5 was more than 1.2 times thicker than the boat hull
determined by structural design specification of ISO standard 12215-5. Therefore, inspection procedure of sailing
yachts and pleasure boats and drop test method of ISO standard 12215-5 was much more conservative than the
structural design specification of ISO standard 12215-5 and could be used as the structural design method of a
polyethylene boat.

Keywords : Drop Test, Inspection procedure of sailing yacht and pleasure boat, ISO standard 12215-5, Polyethylene
Boat, Structural Strength.
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Fig. 1. Three-dimensional shape of polyethylene boat

Table 1. Hydrostatic properties of polyethylene boat

Item

Design Speed Vs (knot) 25
Length over all LOA(m) 5.999
Breadth B(m) 2.280
Depth D(m) 1.140
Length of waterline LWL(m) 3.885
Forward TF(m) 0.249

Draft

Aft TA(m) 0.249
Displacement Volume DISV(m3) 1.121
Block Coefficient Cp 0.504
Prismatic Coefficient Cp 0.818
Waterplane Area Coefficient Cw 0.906
Midship Section Area Coefficient Cyu 0.615
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(Ministry of Land, Infrastructure and Transport)
: . - ISO 12215-5 :
Rule Domestic Pleasure Boat Inspection Guideline . .
Small craft-Hull construction and scantling-Part 5
= FRP : LH<12(m) = Single skin
Length
LD « AL : LH<6(m) + 2.5(m)<LH<6(m)
= Poly : LH<6(m) * Speed <50 Knots
* Falls free into th 1t
Condition = Falls free into the water alls Tree o the water

* Running in wave

Inspection Visual inspection (Creak, Debonding & Failure)
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Fig. 2. Determination of drop test height
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Table 3. Mechanical properties of Daelimpoly TR-418BL
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Density Meltirtg point Lol‘;gr:l; e(:)riz;tture Elastic modulus | Poisson's ratio | Yielding strength [Ultimate strengthy };:Z:lgllﬁ Elongation
(ke/m) (©) ) (&) (W) () () (%)
950 190 -110 1.1 042 27 27 21 810
Table 4. Light and full loads of polyethylene boat
Light Length Width Depth Speed Load (kg)
load (m) (m) (m) (knot) Hull Engine Battery Etc.
5.9 2.3 0.21 25 430 100 19 251
Light load Maximum load of Fuel load
Full load (kg) people on board (kg) (kg)
800 438 100
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Fig. 5. Photographs of Leasure boat's drop test in RIMS's
square tank
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Table 5. Measurement results of impact accelerations

Measuring Measuring Max. im}:)act Min. ianact
positions directions accelerations accelerations
(©) (©)
X 1.172 -1.405
Location 1 Y 3.850 -10.818
z 7.387 -4.332

Table 6. Load condition of drop test analysis

.Hull Fxi Fy Fz
thickness ™) Fxo (N) ™) Fyv2 (N) ™)
(mm)
4 -24420 24420 -3960 3960 71280
6 27121 27121 4398 4398 79164
8 -29822 29822 4836 4836 87048
10 -32486 32486 -5268 5268 94824
12 -35187 35187 -5706 5706 102708
14 -37851 37851 -6138 6138 110484

44,000

40,000

36,000 /
32,000 /'

28,000

Momentum (kg m/s)

24,000 L L L 1 L L
2 4 6 8 10 12 14 16

Hull thickness t (mm)

Fig. 7. Momentum of polyethylene boat hull in drop test

[ Romte Force 35187 M

Fig. 8. Load and boundary conditions of Finite element
model for drop test analysis
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15086
132

11314

o 296
75428

(a) 4mm

(b) 14mm

Fig. 9. Von-Mises stress distribution in polyethylene

boat subjected to drop impact force
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Fig. 10. Total deformation distribution in polyethylene

boat subjected to drop impact force
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Fig. 11. Von-Mises stress and total deformation

distribution in polyethylene boat subjected to
drop impact force (Hull thickness 10mm)
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