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Structural Design of Polyethylene Boat Hull
by using Longitudinal Bending Strength Test Method
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Abstract ISO 12215-5 standard describes allowable stress design specifications of monohull small boat with a length
of hull between 2.5 m and 24 m constructed from fiber reinforced plastics, aluminium or steel alloys, glued wood
or other suitable boat building material. If small boat hull is under 2.5m in overall length or nonstandard material
is used as boat building material, structural reliability of small boat hull is assured by drop test specification, but not
by structural design specification in accordance with ISO 12215-5. Drop test specification of boat hull can be applied
to manufactured product. But it is difficult and complicated to apply drop test specification to structural design of
boat hull. In this study, we present structural design method of polyethylene boat hull on the basis of longitudinal

bending strength test specification.

Keywords : Allowable Design Displacement, Longitudinal Bending Strength Test Specification, Polyethylene Boat
Hull, Structural Design.
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Table 2. Light and full loads of polyethylene boat
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Table 1. Design variables for longitudinal bending
strength test

Hull thickness
(mm)
Girder width 4 6 | 8 | 10| 12| 14
(mm)
270 c o lololorlo
285 ol ol olololo
300 ol ol ololoTlo
315 ol ol ololoTlo
330 ol olololoTlo
345 ol oloTloloTlo
G F
T !
E i D
i
A 8 C [

L]

Fig. 1. Displacement measurement position in
longitudinal bending strength test

Fig. 1> 5233zl o3 Zejddall HE A9
FTEILEAE

Light Length Width Depth Speed Load (kg)
load (m) (m) (m) (knot) Hull Engine Battery Etc.
2.03 0.21 25 395 ~ 903 100 19 54
Light load Maximum load of Fuel load
Full load (kg) people on board (kg) (kg)
621 ~1129 600 100
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& Table 3. Load conditions for longitudinal
Bo] HjHYrfolE A3 7] Yste] ko] 3lHksE bending strength analysis (Unit:N)
Az dole] ArpasiatolE 243 SAste] 9= ull thickness
(Bulwark) AH-6] 2043 ol 88T B AFolAE £ | aua e | 4| O S| 0] 2| e
FALENNE FEasdow Saa] dEe] o | o
2 EA(;]/KO]— %—H(}fgkoﬂ EH?:’} %] E%]‘% 0]—%—?—_‘_]' GﬂXéO]E’_ 270 7104 | 7353 | 7600 | 7846 | 8096 | 8341
= N;q] Zj?:iﬂ_i]- —;qug_g] %—Xé ?g—ﬁ:{- ZJ'—ZJ'— 17H j\_7]— %]_E]— 285 7103 | 7351 | 7598 | 7843 | 8092 | 8336
300 7101 [ 7348 | 7594 | 7839 | 8087 | 8330
Table 2= %ﬂq]%‘j‘ﬂ HE }\E]Zi/}—g] 76]6‘]—9]' QJ-XHE}- 315 7099 | 7346 | 7591 | 7835 | 8082 | 8324
T UEH A0 R FRAEHNY 72 AuE &8 330 7097 | 7343 | 7587 | 7830 | 8077 | 8318
Ao} SR I 93 SdA e 7} stz A 345 7096 | 7340 | 7584 | 7826 | 8071 | 8312
o A AAE BES FREE do] 7 kel s
2 =455 Ao s SNFoz A As 44 Table 4. Modified displacement equations
8]—04 O]: f‘f_hi]' /‘\_iﬂ = X]xﬁ] ﬂﬂ_“:_ /‘K_];ﬂ'—g] 7310]9] 60% Hull position Modified displacement Equation
og NS sfolo} pvl, AW Ad £ £ T A (1) - S
> Width D+E
= Rk Depth B+1/2(F+G)
{=0.6 XL (1) Table 5. Allowable displacement of boat hull
1:/_}’ L - HE ;ﬁxo]. (m) Hull position Limit
Keel Less than £/500(=7.08)(mm)
wala Zajolelal wE AFA Mg FEE A Width Less than £/250(=14.16)(mm)
ol Bas A4 A= A4 A4] 5.900mmo]EE B Depth Less than £/500(= 7.08)(mm)
A= A A 60%2 AAstgoen I 3k
3,540mme] Tk, glout Table 59 gt ZAsld Af7dstEeny B
SRENT A0l Dad AQE We U 4 £ AR AR o T A BT F Ao
@)= Tk WebA Table 59] 518 We) AXEAo] o5HA 4675
Zolad nE AA 72 bIAS Insleln P2
W=125(1.00) < Wy~ W), @ =4 QA $E 20) Wel AA D) 02%¢]

o, W, DA (ke), W, : AEEE (k) ate] Welojok HaL A F W= 0.4%0]31e] 9o
of fth Lefih B AFellAE A Almrt Eejeld

Table 3 Table 28] 414 7Aste} uba) ap2e 71%  ClEE A4 ZF $12E 318 W91E Table 59 54 2L
7 2FAREAA Zed s aS vepd Aojn R AA 2 A4 VIEoR ARE S gk webd
Table 4= ZZAZEs| M0 249 W2 o) gate] T 3N FeldEdl BE AA9 w2277
g3y Z 0 Zolo] 4 W WYE Uehd Aoz OE AA 7 A 88 WE 101 AHEE A4
o ghe AATEAAG Bad Bt AetjEiz gy S ol8stel At B,
= golth

Table 5= A74shEetsy BE A7) 74 9124
Al i 318 WAE vehd Aoz Agadu] A 3. A = oM Zut A DE
&5 AATRAEd dg 1 g Wgdle )

o & AT, F, A ASEaE wE dAe 7 3 RERLAHAZE
15 Qo B AT A gl EoEd HE A ARe

()] =
AR
AeEel i HE AAZ ALEE U A8 Fa7h LU= ETIE Daelimpoly TR-418BLC]™ Table 6
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Table 6. Mechanical properties of Daelimpoly TR-418BL

stress- Density Elastie Poisson's ratio | Yielding strength | Ultimate strength Braking Elongation
strain (kg/m’) modulus (MPa) (MPa) strength )
¢ (MPa) (MPa) °
O, — € 950 1.1 0.42 38 91 94 810
o, €, 950 1.1 0.42 27 27 21 810

o NP ARS 4\116& Aotk IS0 12215-5904+=
YARES] ASAALER FRPE 7Tl 2 A=
o] 122 A3t ‘E} Jeu ZYdda RES] H
S AA A 19 E EYodRo s 1A AFo|E
2 ARAALEES Tl 90%E At Eel
g3l BE°] HA& L 243MPacltt.

Fig. 2 Catia V5 R195 °]&3dto] Ze]oddll RE
/Hjﬂ% Utﬂ]"ﬂfﬂ- 7—]0; y_%laoﬂ }ﬂiﬂé
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A & Bgor dgAxAE Folsta AARAFISS
Imprint Face”]'s 0.& F-o{stS1t}. Fig. 2 (b)¢t ()= &
godal BE A W9} ofs B BAXAE vE
W Aoz f3la4wde] H4HE Tetra®t 50mme)
Body Sizing®.Z A3l o 451185709 =9}
227838719 845 AHESRIYE AR 95 AA
9] 7J%- Fixed supportZ H-oJ3lo] x, y, z ko] W9

& LA, QEF AH O A 28Fe] WelE

A1 xo} y o] W9IE Free: 3t5itth EE]olld
Al BE Ao Folahz sl A 3ol Table 39
st Fojste] AAlT RS FEARTL
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(a) 3D CAD model

(c) Load and boundary conditions

Fig. 2. FEA model of polyethylene boat

Table 72 Fig. 29] Zgjogell RE M5
CAPARE e Aotk D 91X W7t 7 A A
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Table 7. Displacements in longitudinal bending strength test
ull thickness (m-m)
Location 4 6 8 10 12 14
Girder width (mm)

270 1.00 0.71 0.56 0.47 0.41 0.36

285 1.03 0.73 0.57 0.47 0.41 0.37

A 300 1.07 0.75 0.59 0.48 0.42 0.38
315 1.10 0.77 0.60 0.49 0.43 0.38

330 1.14 0.79 0.61 0.50 0.43 0.39

345 1.17 0.81 0.63 0.51 0.44 0.39

270 3.11 232 1.90 1.63 1.44 1.30

285 3.17 2.36 1.92 1.64 1.45 131

B 300 3.26 2.39 1.94 1.66 1.46 1.32
315 3.34 244 1.97 1.68 1.48 133

330 341 248 2.00 1.70 1.49 135

345 3.50 2.53 2.04 1.73 1.51 1.36

270 1.11 0.83 0.67 0.57 0.50 0.45

285 1.13 0.84 0.68 0.58 0.51 0.46

300 1.17 0.86 0.69 0.59 0.51 0.46

¢ 315 1.19 0.87 0.70 0.59 0.52 0.47
330 1.23 0.89 0.72 0.60 0.53 0.47

345 1.28 0.92 0.74 0.62 0.54 0.48

270 0.75 0.59 0.49 0.42 0.36 0.31

285 0.76 0.60 0.50 0.42 0.37 0.32

D 300 0.77 0.60 0.50 0.43 0.37 0.32
315 0.77 0.61 0.50 0.43 0.37 0.33

330 0.78 0.62 0.52 0.44 0.38 0.34

345 0.79 0.63 0.53 0.45 0.39 0.34

270 1.58 1.24 1.04 0.90 0.81 0.75

285 1.58 1.24 1.04 0.90 0.81 0.75

e 300 1.58 1.25 1.04 0.91 0.82 0.75
315 1.61 1.26 1.05 0.91 0.82 0.76

330 1.63 1.27 1.06 0.92 0.83 0.76

345 1.68 131 1.08 0.94 0.84 0.77
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Table 8. Modified displacements in longitudinal bending strength analysis

(Z : No service conditions, E] . service conditions, N :

Critical conditions)

Hull thickness(mm)
Location 4 6 8 10 12 14
Girder width(mm)
270 A KA L 098 089
285 R A IR, 099 0.90
. 500 177447594445 74 7457 LR
g 1151105144757 447 1 IR IR
0 s A S o | o
345 LA B 1.02 092
270 V/ VS S A/ /] 084 0.72 0.63
285 A S S ANINN] 073 0.64
- 500 AR RS o oo
315 Y S A Y /) s 0.66
330 /YT XSS NS A 011 0.67
345 (A A A A A 0 0.69
270 L 8 /38 ) Y 253 225 2.05
285 A X ANINNN 2.6 206
- 50 A A A7 e | s
d 8 87 AT ISR A a0 |
330 A A A ) 2 211
345 (7 KA XX 236 214
Fig. 3= A4 $7 10mm, W& AS < 285mmE 4
e Eeddal RE AHM o 25{12]9 &5 FEA
QAN A%E B Ao fAasd AR Wi | [ Exp-
P Zolth FFAAEAD 2 wsle) gl B E
ARk 237 6~16%2] Mol o] Eejold 12 =
E ARMel oY FREIS nefshd e A& o §2[
(8]
S N7 Qi ol F Ak Zelodd HE A o
7]
A7t 3w d @l oJste] AFHBR T2 A a1r
o Al 9% $5H 047 Aol WA o] 1)
e Ao g AztErt wpeba] B AtellA e £33 0
SadA A I AL S8 T o] T el L Depth
23 1= = = 3935k 2~ 0]oO Position on Hull
FAAAAE AEHE 712 HlolH® 482 5 52 Fig. 3. Comparison of displacements in FEA and
Holx r} experiment
Table 9= Eejoldall HE HAAM x50 d|Fsh=
§2, % qolo] £ARTUNES §3, %, 2919 3% po)g] 518 A 2A= AA 4G9 29 Lo 3ol 7
AA HQIZ 7P A 99 & &, & Zolo 3% V|FE 7} 0.03, 0.02, 0.07% A =S FS 1o Table 59 A5
A 27 bl Zlolt). EeolEd BES) 8, F, gmare) nEeo desis 42 Z Zolo Fe W
91e] 15, 10, 17.5%0° A=A ek waba] A543
Table 9. Allowable displacement of polyethylene ZalrEl HE AHA AAHS 7|22 5l U8 438 A
boat hull e =] J X o] 3 J3l= rl=
Hull Allowable Limit for = 7‘:'*]— }\]—T Tt /(1]7%94 01 © we ‘F{'XOJ‘L]'_ q-‘_ 7%
position displacement (mm) actual boat TS Hola gtk F, olget A= ZT{12]0] 3
Keel L2 Less than £/3160 Zelogdl wE AR e THPREAG] 459
Width 0.84 Less than £/4214 = ko] ASS Hola AgslZare BE N
Depth 2.55 Less than £/1388
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Fig. 4. Deformation distribution in polyethylene boat
subjected to three point bending load
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I

Fig. 5. Von-Mises stress distribution in polyethylene
boat subjected to three point bending load
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