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Comparative Study of Rules of ISO 12215 and International
Classification Society for Structural Design of CFRP Cruise Boat
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ABSTRACT: Recently, CERP composites have often been used as the materials for lightweight pleasure yacht hulls. Because CFRP composites not
only make the hull light but also have good physical characteristics, in the leading countries of the marine industries, CERP yachts are being sold
at a higher price. The design and construction of FRP composite yachts, including those made of CERP, have to follow rules based on 1SO 12215,
such as the hull structure rules of the international classification societies. On the other hand, there are no rules related to CFRP composites in the
Guidance for Recreational Crafts, which was newly revised by the Korean Register of Shipping. In this paper, 1SO 12215-5 and Part B, RINA
Pleasure Yacht (REGISTRO ITALIANO NAVALE) on the design pressure and scantling of CFRP hull structures are compared and analyzed.
Through a comparative study and the application to a cruise yacht design, we try to understand how to design CFRP hull structures using the
international standards, 1SO 12215, and the rules of the international classification society, RINA.

1. M =2 M AbE7F fleH, ook BEE - 3 Ao s Bl

UAA T
43774853 5(CFRP, Carbon fiber reinforced plastics) & ATelAe CFRP #AAEY F2EAE A% IA4+1A
= A Ao 7hssiH, FAl Hold BA4S 7HA AL 9o Hla 245k, Al 75 F8 AYd AAe Tz
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ARTRR] A e AR AAEA D] AFSET QT tiste] 4] 7S 2, vinEdge e A A
AAZ M= 33 o8 YARIS] CFRP Z72 HE(Fg 3 CFRP #dAAute] 7244 34& olsfsta
1)7} GFRP(Glass fiber reinforced plastics) #4119 w-¢- 32 gjade 15O 12215-59) ojehg]old o] #lAAnt AA A4 74
7he dojE Al o, HTols A AAEAE T HE® AL (RINA, 2009) 0.2 atom, 7t 49 AMAR A e ) By
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2. BT o7 HE MYATASo] o514 CE RCD QAES 918 =AF4 24

@ =
(Lee and Lee, 2010)°] 538 u} 91, IO & 2 AT

oAy MAESe] o] 9= S¥TEH Sof gaa 80l AAE SALGH it £ (Lee, 2011) B AT
sto] A% 2 £ES AsiE 2340150 EEo) meh A (Kim et al, 01)= AL vF QLo HAARE &2 LAl
o A zs)|of 54, o]o] 7] _% _E MA- Az 9129l CE nja= 2 B4 53] CPRP A & 2 A4 HEE of2
3o Itk 10 122155 AFAMuke] MAl e} MaaA 7 ClFeldl vk gl
o et BES Aol olotq, A 24 9 Tz ©E = ojell, ¥ ATl M= CFRP #lA AN ] 72481 91 =4
7o, A5AA 5 FRAAC] tek Aol 180 122155004 T8 w4 S IS0 122155150, 2008)¢ o&Eobdwel w
THETL QL3 CERPO tish T2A4A] =3 o] 7ol wpeay = AR AAEA FHRINA, 2009) 0.2 ke, Ape] el o
PrMF, olPEold T, AFAE = gAMale =g =y T AAR ALY 8 ARA A T4 s wEem F

e ZAMFAAE oo |t & FHSS T glom cg /M FATES vlale ohx} ), AT 74 = ol
RCD(Recreational craft directive-94/24/EC) Q153 #AH ¢ goldm TS o R Hdd olf= FHIAES X
FUTE St ok A2 AR FEAF A 1 A A5 40% 7‘3+ HH-&(RINA, 2011) Bo|i ),
ZA(KR, 2011) E3F 1SO 122150 7|wkabar A|gk A4 Aze)  CFRP 24 gAARE] AF AHIE BERSta 7] wiEel =
o1 CPRPA] 8 RS 7. 917 2 St ANFTY 5 BARELR A A,
3. MRS SR} TR S £

ISO 122159} RINA Pleasure Yacht Part B A1 &Aol u}

& A AAT=Y AeFAd ds) o O‘E]- A

TE| A AAR, ASH, b3, dRTEs 5 TR
Tl met Breo] e FaL vk B Al 1% 8
o] AR FAYHI ARA A g 2 7FA F4 gE vl
wEA ggoz Aok

31 MXE 7ol =AM 7 H|m

150 122159] AAF- SA%E F44L ol 4 ()7 22
Fig. 1 57ft CFRP cruise boat of WALLY(CE RCD Certification/ ™, RINA Part B S48 p2 22 ofef 4 (2)¢F Atk
Design category B)
Table 1 Comparing design pressure in ISO 12215-5 and RINA Pleasure Yacht Part B
ISO 122155 RINA Part B

Planing Mode p, (Slamming/Impact Pressure)
Displacement Mode p; (Hydrostatic Head)

Design Pressure Bottom Pressure in Planing Mode Pgvp

Fully Loaded Displacement o Fully LoadedADlsplacement

Basic Factor Waterline Length Scantling Length equal to Waterline
Liv L
Chine Beam Support Contour
Bc GCs
) fc Load Factor Vertical Acceleration at LCG
Longitudinal nce p
Pressure [Deadrise Angle at 0.4LWL] <«
Vertlca% Distribution Longitudinal Pressure Distribution Longitudinal Distribution of Vertical Acceleration
Acceleration ke av
Longitudinal Coefficient as Function of The Longitudinal Position
. g - F
Coefficient Position :
Design Area Area Pressure Reduction Factor Coefficientt as a Function of Panel Area
of Panel kar F
Hull Structure
Shape and (ne0) Coefficient Function of The Shape and Inclination of Hull
Inclination « F
Design Category Design Category Factor

(Wave and Wind) kpc
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P ZM(HW* V¥ kar*k @
BMP T L0 1% B DC Mog) Rar Rr
p2710L*7059(1+av) PR F, @

7Y FHe Aol Agsis WA FA o
RAEy) 9% BRow TR Ao} AT % ew, IS0
F44¢ Ha Aelshu
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=
oxl
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_\i_L
=
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El
2
I
o
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& 7185 S A8k, A # (Design area)®] Ao W
E: B 5 AAzE wet ol BAskar

1

2 U FAUY p2st vlaste] 2
#e AgsER st ok ot p1o e 10DKN/m’, D :
AA FGE AR A et Z(Weather deck) 714 2] &=0]) K
ok Ackste 187 o8& A9, o] e AEEES =of 9l

ho
2% T

pr=0.24%L°%(1— )+10(hy+a*L) €))

L : Water line length

T : Design draft at the middle of length

hy : Vertical distance from pdr to the full load waterline

pdr : Point of reference in the design area

a : Coefficient as a function of the longitudinal position of
pdr

tlo

ISO 749 7% CE RCD I5& 913 AAHF(Design
category) el we}l ¥ 55 (Beaufort scale)? fro|otalE
I3 AlFE AEskar Atk

32 MXNE EHEN FA F=H 8 Hln

FEGH we AR o7 #RA FA FE4L 150
122159] 73-¢-ell= 4 (4)$} 2 2™ RINA Part BY] 7Z-%-oll= 4
(65)¢+ 2tk

=tk £k 4
=0k To00% 0, @
t =k kS s %k, p" ®)

ai : Design stress(=0.50y)
ko : Mechanical properties coefficient
P, p : Design pressure

[T FAAY AT 78 aFFAL} olF BRAIY
A BEow 78 Ao Fd F UAIem, 1SO 1221559
RINA Part Be] 8757 F4R < vla g2Jshd Table 2, Fig.
2, Fig. 37} 2t}

Table 2 Comparing required thickness in ISO 12215-5 and RINA Pleasure Yacht Part B

ISO 12215-5

RINA Part B

Scantling Thickness
Required Thickness

FRP Single-Skin Laminate ¢

Thickness by Design Pressure
t

Thickness by Design Height
t

Thickness Equation by Minimum Dry Weight of
Reinforcement

tw

Minimum Thickness

Minimum Thickness for Bottom Single-Skin = 5.5mm
(E-glass)

Design Pressure

Bottom Pressure in Planing Mode

Displacement Mode p1
(Hydrostatic Head)

Ppvp Planing Mode p»
(Slamming/Impact Pressure)
Panel Dimension Short Dlmensu;n of The Panel Spacing of The (SDrdmary Stiffener

Basic Factor . .
Laminate Properties

Ultimate Flexural Strength
Ouf

Ultimate Flexural Strength
Rup — kot

Design Height -

Depth Measured Vertically in The Transverse Section at
The Middle of Length
D—t

Mass of Reinforcement

Minimum Dry Weight of Reinforcement
w

Ratio of Parel Panel Aspect Ration Factor Coefficient as a Function of The Ration of Panel Dimension
Hull Dimension ks ka
Goefficient Structure Panel Curvature Correction Factor for Curved Plates Curvature Correction for Plating has a Pronounced Curve
Curvature ke (1-175)

Pressure Type -

Pressure Type Correction
k1
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53] RINA Part BS] 739 A% whe FAF47% ¥=
2 Aed =] #o](Design height) ot 725741 2] =] Aol
w2 AAHAZ-S T2 (Shorter dimension)$t 7| 129} o} 2]
(6)= ARkste] 471 4 G)oll A% 113} Hlug o= H 2 Fe
Agst=s skl Uk

ty =16*s%k,* D"

©)

Lot - o] - A7NE -

FAE - AT

=3 FAYH BE a5 1l Wist FFU FAY
gl zpolol] M2 b= FHl(Pressure type) 28-S 1T Al
£ A&sta ok

T8 BEF HA a7FAE AYsta =T, 150 1189

T W (mpo), =, TERFAC T, AT TRl weh
Ae]xo] 1o, RINA Part BS] 7% F2FA| ] FHol wat
HL& a7FAE 474 AYskaL ok

=1

Panel Aspect Ratio Factor for
Bending Strength
kz

Curvature Correction Factor for
Curved Plate
ke

Plating
t
Bottom
Thickness
ickness Equation by
inimal Dry Weight of
Reinforcement
thw
Fig. 2 Plating-scantling process of ISO 12215-5 including material property and design pressure
Coefficient as a Function of The
Ratio of Panel Dimension _Jl>
ks
Curvature Correction for Plating
has a Pronounced Curve :>
t*(1-4/s)
Pressure Type Correction D
ki
Thickness by Design
Pressure
i Bottom
Thickness
Thickness by
Design height
b2

Fig. 3 Plating-scantling process of RINA Pleasure Yacht Part B including material property and design pressure
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4. CFRP MA|&A| Alz[od4r & &

4.1 MAM I

AAMe FEE CFRP A 5 71 o] A== )
= 40~50 FE F 52 HEZ AAsFon, AAHS F=
3t AyS AostH 1502 RINA 44 et 78 %
TRAAE AT AT S gk AL 1SO 71E#
FQ AYe Table 33 2t} Fig. 4= AAX] 73 2 Fxo]
gk w9} A& Holal glom, Fig 55 A&l A
ATZE H3 TYDEEe} HEEE Ho|a Tk

AAF) FAYH ARA 275 ZH % (Load point)e
Fig. 6914 B vle} Zo], Z o] 9XWHskx/LWL)o] W& 54
FHEA o] HAIHA (Design area)oll Wt AlXbstAth oigl, Bk

pu)

Table 3 Principal dimensions of CFRP design ship according to

ISO 8666

[tem Wind Unit

LH 1591 m

BMAX 442 m

D 2.82 m

T 0.74 m
A(mLDC) 14.57 ton
A% 38 knot

Fig. 5 Section view of hull structures

[eeL |

¢ IPANEL |

Fig. 6 Spacing of structures and reference points(load points) for
estimating design pressure and required thickness

Table 4 Load points of design area on bottom plate

CASE 1
load points of the design area along the keel line

I-1, H-1, G1, F-2, E2, D2, C-2, B2, A, A

CASE 1I
load points of the unit design area adjacent to the keel line

I-1, H-1, G1, F-1, E-1, D1, C1, B-1, A, A

WUE B 95l LejRlo] mWe Al4kTable 4-CASE N3}
293 AMF Y AW BRAe] g A(Table
ACASE II) F 71A9] 492 wejelel 244D FAFEL

4.2 CFRP XMZ&ZH =4 HO

FA F8E S A B4 HYe SO, RINA 749
Al Z¥zE AABaL Qe F84e ol 838tk CERP 2539
Ge(Content of reinforcement in laminate)= RINA 7ol 4]
AL Sl AA A=A Al A S Bt FHES =
st 052 7H3sHa, A5 = Woven roving© =2, 4l
A& Single-skin 2HH|U|o|EE A2 gttal 7St

=4S 5o wet v&skA Aelzh AT RINA 7ol
o3k CFRP A Z%#e| EA0] oF %A= 2 FAEE 2HE
Holow, o] T 57 FAo 220l CFRP A58 F45E<
150¢} RINA T4l 28] 27} 1SO 0,=386(N/mm’), RINA
Ru=293(N/mm’) £ F4 =1k

43 MXNF AU F=F ot

ISO 7183 RINA SA44E F4Hel m& AA A
4 A= Fg 73 2k oju) A 2ijlel] mhE HAHEA =
Aol o] FA CASE 1> 2 4(Fig. 7, Fig ll
AT T AANH FHgHNA e FAUH CASE = A
(Fig. 7, Fig. 11)2.2 ZEA3h
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140 20
——— RINA_P1(Hydrostatic Head) —>— RINA_t1(P1)
— ——— RINA_P1(Hydrostatic Head) 18 - —-P— RINA_t1(P1)
r X —&— RINA t1(P2)
120 e RINA_P2(Slamming) T3 Raez
— =&~ — RINA_P2(Slamming) 16 — \ 11(P2) .
—e— ISO_BMP(Planing) —A— RINA_t2(Design Height)
100 = —_©—— ISO_BMP(Planing) 14 | —— RINAt2(Design Height)
- ==~ ISO_MIN ——.—.. RINA_MIN(Bottom)

80

60 [~

40

Bottom Pressure(KN/M*2)
Bottom Thickness(MM)
3
T

6 04 -
XILWL X/LWL

Fig. 7 Comparing design pressure at load points(ISO & RINA) Fig. 8 Comparing required thickness at load points(ISO & RINA)
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i —>— RINA t1(P1)
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§ 40 [ 8 6f
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Fig. 10 Required thickness at load points along the keel line
Fig. 9 Design pressure at load points along the keel line(CASE I)
(CASE 1)
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Fig. 11 Design pressure at load points adjacent to the keel  Fig. 12 Required thickness at load points adjacent to the keel
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20 20
—8— ISO_T(ISO_t, ISO_MIN Greater) [~ -O- . 1SO_T(ISO_t, ISO_MIN Greater)
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Fig. 13 Required thickness of bottom (CASE I) Fig. 14 Required thickness of bottom (CASE II)
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ISO A e FAAH] A5 A FHA 2 ae
Boltpy} AR 7HaA A gro ' st ok A &
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ot

RINA 749 749 9458 Zahsis B4 74 A taze
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Table 5 Comparing required thickness (ISO & RINA)

ISO 122155 RINA Part B

Unit

Max Min Ave. Max Min Ave.

Case 1 81 26 54 13.6 55 93 mm

Case 2 81 45 6.4 13.6 8.6 108 mm
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