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Structural Design of Polyethylene Boat Hull
by using Longitudinal Bending Strength Test Method
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1Depzutment of Mechanical Design Engineering, Kangwon Nat. University
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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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olgle] AR QB ol x Zo} x2=H P
flte] AR Se] A, T, Al 3704, F5 Table 3. Load conditions for longitudinal
Bo] A Yafo)lE A3 7] Hste] ke 3lHksE bending strength analysis (Unit:N)

=

=
A, gelel Awsiztel: 24s] $lste] B9a ul hickness
(Bulwark) 78] 2N4E o190 B ATANNE 2 | Gua > | 4| S| | 0| 2|
FALENNE FEasdow Saa] dEe] o | o
N ERA 2ware] gak 03 59 o] 88 dgo]n 270 7104 | 7353 | 7600 | 7846 | 8096 | 8341
@ A P Belme) 2H Aan 47 et S 285 7103 | 7351 | 7598 | 7843 | 8092 | 8336
300 7101 | 7348 | 7594 | 7839 | 8087 | 8330
Table 2= Ee]oldal HE Hx4e] Fsjo} whst 315 7099 | 7346 | 7591 | 7835 | 8082 | 8324
oo e Ao® Fuddwsire] 7|2 A 28 330 7097 | 7343 | 7587 | 7830 | 8077 | 8318
Ao} SR I 93 SdA e 7} stz A 345 7096 | 7340 | 7584 | 7826 | 8071 | 8312
of dUHA A s TEER o] 7} W] W)
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
Keel B-1/2(A+C)
o} HEF stofof atm, AH Al £ 2 v A (1) Widh DiE
= 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)
Aol AA AL 60%= AAstden 1 g
3,540mme] Tk, glout Table 59 gt ZAsld Af7dstEeny B
SEXdE Aol ZFasgh AdstE We the 4 E AAZ AMEske o 2 HHAS gl 4 gl
Q= T wp2kA Table 59 &8 ¥ A2l ostH {73t
FepaE HE AAZE X RS guatEd TR
W=1.25(1.00) X Wy — Wy, 2) SEHMA] A &23 o] ME A W 0.2%°]

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
S5 AR Ed g3 B s dAdhe b
o & AT, F, A ASEeaE wE dAe 7 3 RERLAHAZE
F209]9) Table 4] gkl Table 5] 3k oldfo] glom o dre] A el Eeel el HE A A5
AgsiEerag HE AR AHEEE d A8 247 LEE EEIER Daelimpoly TR-418BLe|™ 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
5 AA AR 1EE %Elq]%%ﬂii A AFolm
2 AREAASEE FEEH e 90%E st Eel
g3l BE°] AA&H2 243MPacltt.
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(a) 3D CAD model
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(c) Load and boundary conditions

Fig. 2. FEA model of polyethylene boat
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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)
] 7 AT AR A | o o
285 R A IR, 099 0.90
- 0 T |
513 o A e | o
330 NG IS A ] 0.92
345 LA B 1.02 092
270 //)/,5’//,//)4)’/,;/)45//, 0.84 i 0.72 0.63
285 A VA ANINN] 073 0.64
- 0 A IR G os|uss
315 N ] 0 0.66
330 ST A 0 0.67
345 LA AL A A A 0 0.69
270 L 8 /38 ) Y 253 225 2.05
285 A X ANKINN, 2.6 2,06
et 0 (AP, s |
315 N SIS A s EED 2.09
330 Ay A 8 ) 211
345 (7 KA XX 236 214
Fig. 3 AA ¥4 10mm, %3 A Z 285mmE 4
e Eeoldal RE XM gk 25(12]9 T5 FEA
AEAY AE B Ao 3o AeA A} vla aea| ([T Exp.
P Zolth FFAAEAD 2 wsle) gl B E
AR 237 6~16%2] Mol Qo] Eejold 12 I
E ARMel oY FREIS nefshd e A& o §2[
(8]
2 A7 3 U ol @ Asbe Eelddd BE A o
n
A7t 3w d @l oJste] AFHBR T2 A a1r
o A 9@ 24 LAk AL WEA 5] o
2ol Aoz AZET web B ATl A S f3t .
R R EE [ BRI B s BShR
3 A 2] L= e oS QB A 0100 Position on Hull
TAARAS AN 7% FlelH R 289 F 35S 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
9191 15, 10, 17.5%°l A4 =th whebA Ad7dst
Table 9. Allowable displacement of polyethylene ZojrEl HE AA| AAHE 722 & 9B 428 A
Do B} A ARE T AR g 89 T ThE A
Hull Allowable Limit for o ° = ori =
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 L dlge] AES Holu MEeslZalAE RE Mo
Depth 2.55 Less than £/1388
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(a) Keel and Depth directions

(b) Width direction

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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