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Structural Reliability Analysis of the Ultimate Longitudinal

Strength of Fiberglass-Reinforced Plastic Catamaran
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Abstract: Taking into account the uncertainties in external loads on fiberglass-reinforced plastic ( FRP)
yachts and the variations in the mechanical properties of sandwich panels, this study focuses on investigating
the structural reliability calculation method for the longitudinal ultimate strength of a specific FRP catamaran
yacht. By treating hull loads and structural strength as stochastic variables, a state equation was constructed to
model the total longitudinal ultimate strength of the yacht’s hull. The yacht model was created using Rhino soft-
ware, and the static water bending moment and wave bending moment were determined using Maxsurf and Aqwa
software, respectively. The ultimate strength of the critical section was obtained through quasi-static analysis
using Abaqus/ Explicit. The reliability index was then calculated using the JC method to assess the structural
reliability of the yacht’s strength. The results of the case study demonstrate the feasibility of this approach,
which can meet the requirements of relevant classification societies.
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R HERHEESH

& B i B Tab.1 Parameters of FRP laying

o SRR
S e ik CHE 2% )
1 CSM225 CSM225 CSM225
2 EB8000/90  EB6000/90 EB6000,/90
3 EB6000,/90 PV(C80 2 x EB400 +/ —45
L 4 PV(C80 EB8000,/90 PV(C80
5 EB6000,/90 EB8000,/90
~» 6 EB8000/90 2 x EB400 +/ - 45
1 ERRE BIEE 04 22.7 29.3
Fig.1 Hull Model /mm
£2 HREE
Tab.2 Material properties
JE CSM225 EB400 EB600 EB800 PV(C80
E,/MPa 11 600 20 000 21 700 23 600
E,/MPa 11 600 20 000 21 700 23 600 102
E,/MPa 8 500 6 000 7 500 8 500
v, 0.12 0.13 0.15 0. 169
v, 0.33 0.21 0.25 0.280 0.3
vy 0.33 0.21 0.25 0.280
G,/MPa 2 900 4 000 4 500 5500
G,/MPa 1 600 2 000 2 200 2 600
Gy/MPa 2 000 2 000 2 200 2 600
R/ (kg -m) 1320 1 600 1 800 2210 80
JEJ /mm 0.5 0.4 0.6 0.8 25

4.2 HfEtE
4.2.1 oKz fr

FE Maxsurf B 5 AGZREAE T 7 H s R0 25 0SB A0 0T 404, 45 BHIE ) 40 A A K S o
BARF R ANER 3 Fiw, NS W s T.00h 98% KAl . 100% IR7K . 100% 4 i ;
T E T 10% 5830 . 10%IRK . 10% &, BERTERTE | PHETF RS WE 2 Fis,

R3 BEHEBREERESH

Tab.3 Mass distribution of a hull full of passengers

WiH i R/t I/ m B/ m
=z 1 13.50 6.790 0.474
A 1 0.60 6.500 4.074
172 1 0.30 5.870 3.862
E] 1 0.10 3.550 1.500
Ty 1 0.40 8.740 1.674
BRIMAE 1 1 0.70 6.400 0.874
FRIMFE 2 1 0.70 6.400 0.874
RAKHE 1 1 0.35 7.500 0.421
TRIKHE 2 1 0.35 7.500 0.421
J=8iy 9 17.00 6.787 0.726
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a) ik b) Ht
B2 BEEEFSTEE
Fig.2 Schematic diagram of a floating hull
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70 0° HLGRIARA 2. 68 rad/s Bf, FEAR AL 25 A IR Fig.3 Distribution of wave shear force and bending
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Fig.4 Amplitude response operator RAO under different waves
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K(12) ~K(14), PHERETUEIREHEABERTT 20500 7.321 7x107, 1.395 0 x 107, bR
YIRS A EE AT 2253 5 1. 937 8 x10°, 3.692 0 x 107,

4.3 BYRIREEITE

R S | KSR R TR A AR T A B AT, TR AR A 7 30 i Ak AR
ZA KA, %A B 2SN AT T RSN, PRIk, BREC TSGR A B AR A A T A BR iR
FESYHT, BDE 1 FRIROIE TR rg RS R AT AL B R By 1k ik A X A3 b 4 R A S
V4 BR3P ity i K A SRR 2, XA AR 4T T — e fiifk, It ELEE AR B i oA 1 o
RLOAL T35 588G . 76 Abaqus FAF P TR BEA R 7 A2, JFxT B s T 290, i s fr
IR IMEEBER RIS RS, X G S AR, R AR 4, AR O &
F, TE ANSA BFEATIUTE AR 53, kS £k 23 685 4,

x4 REERBRAR
Tab.4 Boundary constraints of cabin section model

T4 ik it
u, =u, =u =0 u =u =u =0
e A RPL AL wr, = ur, =0 ur, = ur, =0
ur, =—0.08 rad ur, = 0.08 rad
u, =u, =0 u, =u, =0
5 WMEBEATEFEE Fimm s RP2 4k wr, = ur, =0 ur, =ur, =0
Fig.5 Schematic diagram of restrained cabin section ur, = 0.08 rad ur, =-0.08 rad

AR RS R i 2 N RE/ ShREM & inEl 6 . B 7 i, FEHRIERASTT, YH AR AR B 120 A BRI,
LRI INEE N, TN RE/ ShREM & 2N S YR (A B BRI AR 8 R, BhiEe/
WRERMRIZLE 3, MU NEEN 1.27 x10° ], BhfEN 1.2 x107 J, Bhfe/NRER 9. 46% ; TEPHLRES
T, TS RERN, HERFIRERE, HETNREN 1 x10° ], St 5 x10° ), Shfe/NiEN
5.02% , PIEEMHAEARFTRERZ S HHRA, PIRES THORREHE A S. 21 x10° N - mm, FHERETF
I PR Z5 A 3. 53 x 10° N mm, AN, 7E0.02 rad B, SEAREEAKR) 50 R Z PR, ek §
BUERSTEEIR . BAEMSENSMAE T, PHERES TR E A S M EI0EIR

— W HE
5 )5k — Blifig
E
Z 4t =20t
S S
=3 <15}
2 IH
o9 = 1
1 5F
0 1 1 1 J O 1 1 —— L ]
0 0.02 0.04 0.06 0.08 0 10 20 30 40 50 60 70 80 90 100
I /rad st 8] /s
a) W B 2 i 2 b) PN RE/S)fiE i £k

6 HEIRKIREEDH
Fig.6 Ultimate strength analysis of the vertical under working condition
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Fig.7 Ultimate strength analysis of middle arch under working condition

4.4 AEEMHE
Barat (1) At (21), IR R R FRAR S D ol
Z =My -Mg-My, =0, (28)
Horp, Z RS ITIBEREL; My WAERA FREEFISRIE ; MOWEKS T, My IR,

S BEHLAE BB AR ILER 5, BRENLE EEUEICAR (22) ~ K (27) 7, A JC 445 Matlab
FEFIEATRAR, TPREEA . haERAET, W s R & 209 0 v SEE 845 B 4301 9. 84, 9. 85;
LIRSS, % AN B A AT SRR AR B 4 9 R 9.37, 9.37, WA, thae, bR R AT
SEEHER 10, HrPHRRES T MR T SRR T e, FRIE R EERN /N T 1 x 107, BIAT§E¢:
Febr B KT 3. 719" | ARIZRUANG AELE rp B AR 4 T 00 R A T SE MR I MIE Bk, BARKE
&, TR HAMFAFER T, wEd BN E SR, W& YRR SRR bR, DR m g 2
Tk

£S5 WHETENOBENE

Tab.5 Numerical characteristics of random variables

A i VN Vil ¥IfE/(N - m) 5 RA
My i IER R 5.21 x10° 0.10
My LREEFS IEA R 3.53 x10° 0.10
Mg W% s IEAS R 1.11 x10’ 0.05
My, % s gt IEAA i 1.08 x 107 0.05
Mg, % B e IEA R 7.85 x10° 0.05
My, % BN it IEAS R 1.19 x 10’ 0.05
Mys i e e 1 Y 7.32x107 0.19
My, it WAE 1 %Y 1.94 x10° 0.19
5 #ig

BT 2 A MRICER LA R NS 8 ar B BEAILVE , AN SCR FIARZEMEA BROT I A4l i 7T S5 R 2
W, XA AT A A A B 58 B 8 5 A TSR P AT TR 5E . AR B ISR A S S, BT
Abaqus B, Maxsurf ZFFT Aqwa B4, AU A vk . IS E VS e S ik, 15
FIMEATE e | P TACT AR | HKS RERAG S AE Bb B B A BB AE , 45 B, ThaE
AR 1A BT RE AR 32 A SRR, RS T B BR R 5. 21 x 107 N« mm, H RS 9 RS 46
3.53x10° N - mm, JFH, EMHGEHSMAET, PHURES N REARER S W E0IR, ok, MR
TR WK SR A B B R B A B R A A o A R, 9 AR SR BRARAS T R, R JC
Pi4i’S Matlab FRFF RV SEMEHE AR, S5 R R, 12O0UAR TR E 1) S\ 8 B 245 4 P S PR v R M oK
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