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Abstract Recently, people's interest in marine leisure has been increasing, and research and development
on leisure boats are actively being carried out to pioneer overseas markets. These days, the materials
used for leisure boats are fiber-reinforced plastic (FRP) and aluminum alloy. However, FRP is
hygroscopic and causes environmental problems, and aluminum alloy has high thermal conductivity and
fire susceptibility. Therefore, titanium alloy is being adopted as a material for leisure boats instead. In
this study, hull thicknesses and design pressures were calculated while considering dynamic effects for
titanium boats. Four sets of rules and regulations were used: ISO 12215-5, RINA Pleasure Yacht, LR
Special Service Craft, and KR High-speed Light Craft. The maximum bottom slamming loads were in the
order of ISO, KR, LR, and RINA, and the required hull thicknesses were in the same order. This research

might be helpful for understanding the rules, regulations, and overseas export of leisure boats.
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Fig. 1. Titan Lady - a sailing cruiser custom built
entirely of titanium
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3.1 1SO 12215-5
M

Py = Ppup pase < kar X kg (kN/mz)
Ppag vy = 0-45m " +(0.9 X Ly X ko)

Ppyp or Py gy & 2 32 ARSRI

where,

0.1m;pe

_ 0.5
Pryp pase= Ty, < By X (1 thpe X “cc)
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m,pe - load displacement mass (kg)

. length of the waterline (m)

. design category factor

. area pressure reduction factor
kp < 0.1 X mp. "

= RE (NOT kypz 21)
D

kp : structural component and boat type factor
Ap=(xb)x107% <25xH*x107% (m?)
I : longer dimension of panel (mm) = 700

b : shorter dimension of panel (mm) = 220

k; : longitudinal pressure distribution factor

T
k=1 forL

>0.6, otherwise

WL
1-0167Xngg g

+0.167 X g

L 0.6 Ly
032 21084 x (50— ,,)
RS STy e 04
V?X B2
X ———  dynamic load factor
M rpc

05X V
if nee>30, neg=——==<1T0
m

LDC
B¢ : chine beam (m) = 54
By deadrise angle at 0.4Ly,; = 13.31

V : maximum speed (knots)

3.2 RINA - Pleasure Yachts
P py FoIA 2 gHS AR (kV/m?)

hy

_ 05,
p, =0.24L ¥

1_

)+10~(h0+a~L) > 10D

p,=15-(1+a,)-

A
T R, @

14
where, a, =k, a, =k, S —= ' maximum design

LO,J
value of vertical acceleration (m/s?)
S=0.65 Cp=0.65x1{0.2+1[0.6/(V/L"?)]}
Cp= 032
k, : longitudinal distribution factor (0.8~2.0)

A : displacement (ton)

Cy : support contour defined as the transverse

distance (m). same as Gg = 5.56 in LR.

F; : coefficient as a function of the

longitudinal position
= 5(5)0_;52 . coefficient function

of the shape and inclination

Brcc - deadrise angle at LCG (degrees) = 15
143-A4,- T

A

F,=0.30—-0.15" log(

A, : surface of the plating panel (m?)

3.3 LR - Special Service Craft

fAD (1 +av)

Py = T LG (kN/m?) (3)

where,
f4 * hull form pressure factor = 54 for mono-hull
@ = 0.5 at Ly, from aft end of Ly,
= 1.0 at 0.5Lyz, 0.75Ly;
from aft end of Ly
= 0.5 at aft end of Ly,
a,=1.50,L,(H, +0.084)(5—0.10 ) I* < 10™?

where, ;= 3° : running trim angle in degrees.

1;5[3[/; =02 I, = LBWVZVZ)‘?

B, : breadth of hull between the chines at LCG
By, : waterline breadth of hull at LCG = 5.54
0, : deadrise angle at LCG. < 30° = 15.33

[]1:

14
r= : Taylor Quotient
V Ly
Ly, © waterline length (m)

G, : support girth or girth distance (m)

between tangential points or chines at LCG

34 KR - I&ATEMTE

A 5 50_ﬁr b
Pslzl.SkI(M)U“‘df‘? 50=3 % (kN/m?) (4)
g

if —Vz 3.0

VL

where, k; : longitudinal slamming pressure
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distribution factor (0.5~1.0)
n . No. of hull. 1 for mono, 2 for catamaran
A : surface area of design pressure (m?)
> 0.0024/d
(1) plate : A<2.55*
(2) stiffener or girder : A=l
: transverse stiffener spacing (m)

: span of stiffener or girder (m)

S

@ draft at midship (m)

@

. . deadrise angle at = position
107 <B, <30°
B, * deadrise angle at LCG

) if TI;< 3.0
0 = Vo 32 (m/SQ)

w ™ " JT 07 f490

(i) if ——== 3.0

VL

. o 2 LBZ,
= [ s 4 6.084)(50— 3, ) — .
71650 \ By Tz .

where, k, : form factor. 1 for mono
H, : significant wave height (m)

By, @ waterline breadth at midship (m)

3.5 Aol FEA Hlu

Table 13 22 F8AFE 2= HARES di3] 4
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71E Azl el

Table 1. Principal dimensions

Length Overall (LOA) 19.85 m
Length Between Perpendicular (LBP) 17.19 m
Length of Waterline (LWL) 17.19 m
Moulded Breadth (Bmax) 6.05 m
Moulded Depth (D) 2.67 m
Moulded Draft (T) 0.90 m
Design Speed (Vs) 32 knots
Displacement Volume 41.46 m’
Displacement (1.025 ton/m?’) 4250 ton
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Fig. 2. Design pressures for 4 different regulations
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Table 2. Mechanical properties

Material Ti-6Al-4V | AL5083-O | Mild Steel
density(ton/m?) 4.50 2.66 7.85
S{f;j;lfh (ﬁij) 830 125 250
e | s | w0 | w
mozil)ﬁlz%épa) 116 71 200
Poisson's ratio 0.34 0.33 0.30
Specific strength 198.89 97.74 58.60

4.1 ISO 12215-5

b Pk
! <"V 1000xa, " ©)

where, b : short dimension of the panel (mm)

k. : curvature correction factor
P : design pressure (kN/m?)
ky : panel aspect ratio factor
o, © design stress (N/mm?),
min(0.60,,,,, 0.90,,)

° Minimum thickness

toin = ks X (A+E, X V+kgxmb3) (mm) (6)

4.2 RINA

where, k, =0.15 (if p=p,)
=0.10 (ifp=p,)

k, @ curvature correction factor
k, : coefficient as a function of the ratio S/s
s : transverse stiffener spacing (m)

p : scantling pressure (kN/m?)

110
K=——— 1 material factor
U Rp[LQ
R, * minimum guaranteed yield stress

° Minimum thickness

t, =175 < L3 K" (mm) ©)

4.3 LR
t,=224570 L %1073 (mm) (10)
fo04

where, s ! stiffener spacing (mm)
v : convex curvature correction factor
0 : panel aspect ratio correction factor
P : design pressure (kN/m?)
f, - limiting bending stress coefficient=0.85

Q

. - min (guaranteed min. 0.2% proof stress,

70% of the ultimate strength) (N/mm?)

o Minimum thickness

t=wy/k,, (0.7\/Lp+1.0) = 4.0w 11
4.4 KR

t= % (mm) 12)
where, C': correction factor according to boundary

condition and aspect ratio
S : stiffener spacing (m)
P : design load (EN/m?)
o : allowable stress = 200/K
° Minimum thickness

1=ty + kD) VE = (mm) (13)

R

45 FH FEX| Hlu

HeFEEo R ° o] T4 37|+ Eq. 5)~(13)9
9J3f ISO, KR, LR, RINAY] £A4=2, HAFA Z7|&=
KR, ISO, LR, RINAS] £A42 FA= At

Table 3. Comparison of thickness for titanium alloy
and aluminum alloy (unit:mm)

Rule ISO | RINA | IR KR

Plate Ti-GA-4V | 253 | 205 | 218 | 221
thickness | AL 5083 554 | 528 | 562 | 569
Min, Ti-GAI-4V | 194 | 164 | 184 | 228

thickness | a7, 5083 5.01 4.24 3.90 5.87
dRulgdFoz d T2 KR, LR, 1SO, RINAS] <=

Mz FAZ FAHUL, HaFA 271 KR, 1SO,
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