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Reliability optimization design of river—sea—going ship
hull structure based on agent model technology
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Abstract: In order to improve the efficiency of multi—parameter, high dimensional and high nonlinear optimi-
zation of ship structure reliability optimization design and make up the lack of uncertainty factors affecting
structural safety in traditional deterministic optimization design, a river—sea—going ship was taken as the re-
search object. BP (Back Propagation) neural network agent model technique and SMOTE (Synthetic Minority
Oversampling Technique) algorithm were used to increase the number of sample points near the failure sur-
face, in order to obtain a high—precision limit state agent model of ship structure with fewer sample points.
Combined with Monte Carlo simulation method, the reliability calculation program of hull structure was de-
veloped. Structural reliability optimization analysis was performed adopting the simulated annealing optimiza-

tion algorithm in order to reduce the structural weight. A set of complete and effective reliability optimization
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design system based on agent model technology was established to improve the efficiency of reliability optimi-
zation design, which has guiding significance to the reliability optimization design of river—sea—going ship
structures.

Key words: reliability optimization design; reliability computation; river—sea—going ship; agent model;

SMOTE algorithm; Monte Carlo simulation
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Fig.2 Hold structure finite element model of river—sea—going ship

50

40 -
RMSE=1.898916
30 R220.994028 P #
20F ¢ §
o Q@

o Q D
= 10 ) i
= il X
=
= vl
= 10 W) ‘
= o} Y, . & &S & 4

20 L2}

-30

-40

_50 1 L

10 20 30 40 50 60 70 80 90 100

WGERE AR
P 3 A FRAR 2 R AL 0CR:
Fig.3 Fitting effect of limit state function
P 3 — A AR A g A R R 1], 1 Se RS 500 4H A 15 BRI BU A ARG A e PR SMOTE )
AKIE K1l 73 100 L8 i A L 400 4 A IR 8E  E Sr el L o
BP 22 P 28GR , 2o AU X S 00K, HORG BE AN A R
K H SMOTE 5:3% , 7 500 ZHAE A dls i 16 100 4128 2

1r * *

WHTREAS 5, B BRBERS 300 4, 5 FEH T 40041, HH90HE 8 e

FIHA 300 214 20 I WA REAS 25 (746, DAL 22 SMOTE S5 %

PRI SOOLLREA KU PRI REAHRRISH I 100400 ) )
S5 700 214568 , e 7 BP M2 A BIRIIE AT 28 XL

UF PR, B 10 12 A3 BRUAR 5 1 BB T80 £ 24y A 12 0% -
1.800, #I5E RAL R4 0.994, A BURA B ER Yy~ © » © % 0 0 0 o0 @ w
06% , 43 AN EBESR . A0 A T A T e BRI 4 BB IR

PRI AR S BRSPS W ] 3~4 TR . Fig.4 Discriminant effect of limit state



556 MR S 2# 28 B 41

[FI S, SRy WA SCR I SMOTE 575 5 *4 SMOTE B R
BP i 25 [0 28 &5 £ e 57 AR () L3, IR Tab.4 Effect of SMOTE algorithm
REREARHCREAE BB HORBEARA Y. FEABCR HRIR S R R
1 SMOTE BEAS, FRERE S B MMt T 0 i Wt RMSE B Accumacy
PRALARY H 5 SMOTE FEAR AT LL Nk 4 i SMOTEREA 700 o 1899 0994 96%
TRe TEMFEABEHFEIRIEN T ,SMOTE  ESMOTERA 700 1.694 0997  91%

FEA R BRRAS PREC 0L G R R f 22 (H * i RMSE Jg 07 HAR 2%, R N H 5 R B0, Accuracy J9 iR 51
Xof B BROIR 25 Y 0 B0 AT Gk B 96%, i Al HERE.
SMOTE FEAAY 91% , [F 1t BP #1128 [ 26 15 SMOTE 5.3 45 6 1 L LASE /D O REAS 55 3045 = G B2 A9 A
Brah R BRR S AR BRARE A

T 3 0 AN A FEABE R R AT I 0 55 03, R A5 0 G SR 1 A A A AR A B 25 A A BRIR S AR
PEELAY

3 iLigEAMME M EIER LT

S GEEA DA BT R P 52 PR B A BN TR] , Al SO0 A R 45 H o 77 £ i R BN B 5 1
2% 8O AL AL B, i o e DA d S AL AR B, 0 B A 5 BERIL A S8 AU RE R 201 IR g 45 A4 ] 5
JE , WA F b pR K0S VT B S A7 4 A 30T PN R S A 2 SRR A S S TSR PR DA R0 AR, B T8 5
T8 AL T R TTIE BB A A S al e Pt it

3.1 R HFRE
3.1 Pt S AL i
DU B2 o U A s T i) SR BN AL 1 o

MRk JROHCRE B2 A BB OB S A S A B 28 o e ] i—}r
SEVEARAC T K AN AR R I AR xs [
PEINZ B MR BELAE B, X 88 BEAL AR B — B i i 2 e iR 2 =]
SR A LT RS IR 22 RS PR DR 22 DL A5 48 T 32 2804 19 o A BT ] e
RN . A IR G RO 15225 5 HAT 15 22, 4548 N
RS BEAIL AR 5 Ry 25 Al b B P - A6 ) T A s J3E B )

PR RE 1, 1 T 97K 25 X A B 0 B0 L 9025 45 1 3 j}i“@4zﬁ‘[‘g
/NP 2200 DRI A SCIUHE B TR AR A S TSR AL B 2 S v
(i 2 T AL AR B L AR SO B Ak R R S AL S fRALiH s

@fiﬁﬂ |7§] 5 '—ﬁ%:z 5 F)fﬁ( 5 Fig.5 Optimized design variables

®5 RUEHERSHNEE

Tab.5 Optimization design variables and random variables

A7 fa Rl LS A7 bk B AL S
e NE P ES W DES W ES
X1 A e B Pl ARV A= P21 WOMZEABTET)
X2 AR P2 BRI X17 AMEDBEET P22 BUMEABEET)
X3 ezl P3 AR P23 (OMEZAEFEET)
X4 fzAm 4R P4 A4 P24 WIHBEHAEEET)
X5 RLTOE B P5 Rz T4 A X18  WEIBEAET P25 BINEABESET)
X6 N AZAR P6 AR P26 ((NEIETFHET)




55 43 JRASEIG 25« S TACHE I BOR B VLI ELAARAA - 557

&gRs
Akt & B AL A% it M7 bk RIS
i ER Hi s N % i N2 G N
X7 N2 TOU 3 A P7 N2 TR 3 i P27 WOMZAEFG 1)
X8 FH R P8 F2H X19  SMNEHEFEE L P28 BUAMEZOVE A 1)
X9 il T AR P9 1 Rl R P29 1(OMEIETH L)
X10 e 11 BBl T P10 e 11 BB T P30 WINBZAETFE L)
X11 AR P11 AR X20 WEIEFEE P31 BINEIBETFE L)
X12 -5 F AR P12 T F R P32 ((NEHETH L)
X13 T AT P13 AT P33 WCOEEYE)
X14 55 AT P14 ST X21 FEYE P34 BCEAY)
P15 WURIEHH) P35 tCEEHE)
X15 i N g P16 BURIEIHE) X W P36 LOEFRIHE)
pir gy | 02 TR s
P18 W(HNJEHNE) P38 LU OTFEIHAE)
Xi6 mEAE o powiadn | o BOEERT e nmma
P20 (NJRIE) — — P40 PR L

3.1.2 HARRECS L %A
DAk A bl T RUM RS 5 AR JEE 1A AR i A%, R IO R A A% AP K 0.5 mm , BB
RIS R Es i, H s R BCH AR AIAAE B2 il 0y B S /)N
Min M (X) = ZM )+ M, 2)

1% 58 (R S PE DAL 7 V875 TR IR PR 2R R EOR (AR AN A & i (a) ~(d)) , 7]
FEVEOLAL B[R] I 307 T8 T IR 28 A7t Jo 0T P A9 T S R BRI 29 S 2R

(a) MMEEA KR ., <x <x,, (i=1,2,,n)

(wﬂﬂﬁﬁﬁﬁw;<w<w lllll (i=1,2,-,n)

(c) M/ NEITH R LA W, > W,

(d) HEHHIW N AR 0, <0, , 7, <7,

(e) WERAH P, (0, - 0,<0)>P, (k=1,2,K), P,(z, - 7,<0)>P, (k=12,-K)
Forn, P, A A 2 ) i ST A A3/ T P
32 MK EEITE
3.2.1 B ALy

AR SCIY VLI B IR AR A S5 44 n] S DAL R T H LI 40 D BEHLAS 5, 40 3.1.1 /N5 BTk & 254 R
SPRENLAS S H AR &, AR BT

(1) G540 RSFRER A3 < IR TEZS 531, M8 e, A B A 3% AR X R T S8 i 454 ROSHEL
P T 22 Ay i L 3 00 1 T e 2217, AROBE B RE JRE JRE A A 22 BEORH IO AR B L A TR R ST B (B 2%, D

= (1 (0.0} 0 R RE SRR A0 R 0.5% B~ (1, (0.005.) ).
(2) B S 5  ARAE K TEBFIE, BEIR A M, KIS 2 Weibull 410, FER 40 A
%
m,\"
Fy (Mw) =1- exp[—ln (vaO) (Mwo) } 3)

L, b o Weibull M ATHARZSEL, T AT 75 i, Mo AR LT 5 9 R IR 25 R



558 MR S 2# 28 B 41

3.2.2 Al EEETRE
TE C HE T 1 A R 235 Fa) 1 BIR DR A C B AL AR () it b, SR FH SR A T8 460 15 O 2 45 9 SRR AL
%, H Matlab g il AH W A9 AT 5E BER AR T o SRR RIS AR BIRRAS A I LR O 28 an T
Py~ % “)
A, N AR BRI BR U INT O BOREAS S8 , BRI Rs B0a: s VRS B, AN /NT 100/ P, PR i
RZERE T340 FE I PN AT PR BOE R o AR PR ADR AT A0 2540 R R E e ] A5 L T S B oy
P,=1-P, 5)
FEVLIG BT SE AR AT b AR BRARA T 0 b SOUAT T AT, TR L 0 TR A8 P T TR 2
F15 2 MMARAEUL T R v 2549 ()5 B F2 B AZ P IR AR AT s o R IR, R VIV R AR 7 o S
N AR R RAORE 3R B, LAHEAE T L A 7 B e 7R 32 19 i 7R 288 a7 - 00 O 1 1) 8 M SR AT AR B o VT
ELIR AR BB A4 25 AF T, AR LU B RGTRAR B, 5T ik TR 28 Ay 1 I ARG AL 1) A A 23R 7Kl
1077, R IBGZ VT Tk P A A 45 #4754 ) 10T P8 0 1/ PR R O30 1072, B P =107,
JIAEHMUER
T Isight °F- 5 52 B Matlab F2 7, 358 FHRBSRUER SO AT, SEAT V06 EL A A AR R G B 45 44 ] S5 1%
DAL, A8 F X b 20 B o] 5 1 24 RO A 5 SR i 52 i (] s R P o 2 S A ) A B TR R A T A
PEARAC BT, LR fb 4 S an g 6 I .

=6 MUER
Tab.6 Optimization results
AT At A4 R LULGHIES et Ry e ST A G Y ]

X1 SN E 11 10.5 10.5

X2 AR 9 8.5 8.5

X3 AR 10 9.5 10

X4 FZAM A AR 8 7 75

X5 WL A AR 12 11 11

X6 N AZAR 8 7.5 8

X7 PR T35 Al 12 11 11

X8 FH 12 11 11

X9 1T R A 12 11 11
X10 A0 11 [l AR T 12 11 11
X11 MR 7 7 7
X12 5 H R 6 5.5 5.5
X13 AT 8 8 8
X14 ST 6 6 6
X15 AR L100x80%7 L100x80x7 L110X70%7
X16 IR E L100x80x7 L100x80%6 L110x70%x6
X17 IMEZINE T L110x70%6 L100Xx80%6 L110X70%7
X18 NI E T L110X70x7 L100x80%6 L110x70x7
X19 IMEIE B LIYOX56X6 L75%50%6 LYOX56X5
X20 NAZHH I LI0X56X6 L75%50%6 L90X56X5
X21 FEYE L75%50%6 L63%40%5 L75X50%5
X22 EH R —12x140 —11x120 —12x140
X23 it O AR B —12%100 —11x90 —12x100
P, CIETA 1 0.991 73 0.999 999 952
P, R 0 0.008 27 4.8E-08
M i B B /g 363 958.3 345 366.2 352313.5

A B T D — -5.108% -3.199%

R IR REIE PRy A 45K 3 S TSR A 0] 5 BE A/ IMEL, AR PR Hedme R B



55 431 JRASEIG 25« S TACHE I BOR B VLI ELAARAA - 559

34 M ERTHEE S

WEME AL BT 8 T 3. 1.2/ i (a) L (b) L (e) () B 2, nl SEtE AL BT HEE A 2 PRI 1L
BT B EERT L0 A PTRE B2 29 s EIRE AR Y S A5 (e) o X L AL EE AT LI S

(1) i MO TS T3R5 A H A OC AR, (8 i Be 5 M\ 363 958.3 kg i/ 2 345 366.2
ke, I8/ T 5.108% , (HIL R B4 0.008 27, F AN A2 3.2.2 /N1 VB /i 912 VI B8 W 1/ FH 2R 3%
MR s T SRR O A B e B R/ 28 352 313.5, AW UA 7 /0 T 3.199% , Bt re M A Ak 28 44
T 1.909% , HARARRCR BBCA 1 PEOL AT (HEUS T B0 N RO 4.8% 107, /N FH G AL
WER 5.012x 10O R P2k 1072) 36 A2 2 V0 ELIR A 25 AR 173 i 3 ) A 285 A 170 FH R BEOE SR 23K

(2) S59ta 75 AL, 0 LA T 45 3 s b S AR 0 RO 1A 00, ULBR R 06 7 2 i % 4
MEER R o [T 50 PR AL 25 SR AR L, TSR PR AR A 25 2R v B i RO 30— R B 3 o, i ke oy i
HRNE Ry W AR S5 40 Hh 1 B2 SR, RS 38 i o] LU SO B s AR S5 R B TSR B . MOk RST I
AR A, S BER BUAE AL S AL S0 A A K PR A2 AR )RR AR T RS N, 156 B X T VL ELIA R UG, TR
TR A7 X A 4 5 ) R R K

4 4 it

AR S A T g A R P VIR T A A A B 5 A i PR S AR AL | 45 5 SR A A R 1 S
UM AL g ) T 0] SR R SRR, M T AR S5 R 0T SR A B B S T R T VLI ELIR A AR A A
FyaTSEVE AT . AR SCRUA ST, AT AR H TR 4518

(1) 38R H BP 2 W 25458 55 SMOTE 53k 45, (57 1 oG B 9 VLI LA A A AR 445 F A B R
AR {45 (A% BRIR Z pR A AR TR 25 /T 2, HIE R B R KT 0.99, HAEAHR FRUAR
SPONERRRIE 95% LA |

(2) ZELL L ARHRBE R i Lt L, W VI B IR M A A28 4 T St O A Bl AR A | 58 T X B ML AR o
HIRESR AT , 2855 SRR IS TR AR G i A O P A A 28 4 T 5 B BRI O DA R AR AR 25 4 7 o
f EFR, DA IR | B R SR DR TV R R A AR 235 ) 5 i 1 30 DA 1) ] i R R R
M, SR T VLI ELA A A A BL A5 A 1 T S Ak s 1t

(3) MAEFTEEPEIL LSS 5 A0 B T B0 /D T 3.199% , 54645 (0 s VA AL 545 S A0 1, oA ik
RO B IR B ABIRAS T /N 2 RO 36 4.8x10°7°, 19 R I VLI Tk A% 25 A5 75 A 301 ) 1y 45 # i2F
FHR MRS 1073 2K

L5 L RTIR AR SCHENT T — B 58 B S0 AR B A R (0 VLI LR A ARG 44 T SEPE AL
RGE A T ARG R T SRR AL FAORCR S A M RS A T S Ak i A 2 8 X

Z £ X #:

[1] 3E&E8, ¥ M4 F, RIE . AARSRE S 2B M. JE5T: Blaf il iRgt, 2017.
Pei Zhiyong, Shen Wei, Yang Ping, Wu Weiguo. Ship strength and structural design[J]. Beijing: Science Press, 2017. (in Chi-
nese)

[2] Paik J. Ultimate longitudinal strength—based safety and reliability assessment of ship’s hull girder[J]. Journal of the Japan
Society of Naval Architects & Ocean Engineers, 2009, 1990(168): 395-407.

(3] B FH. BEYLA FRCIE /e ML R G BEAS A T EE4E 204 v B 82 FHBIESE[D). B 7K 3E: IR AR TR 27, 2012.
Cao Yang. Application of stochastic finite element method in reliability analysis of typical cabin structures[D]. Harbin: Har-
bin Engineering University, 2012. (in Chinese)

[4] B4 . I B 4544 AT SR Hr ). IR RL2= 4R, 2016, 38(7): 149-152.



560 MR S 2# 28 B 41

Huang Jine. Structural reliability analysis of a ship’s dangerous position[J]. Ship Science and Technology, 2016, 38(7): 149—
152. (in Chinese)
(5] SEERYF. TR 7 2 B AR AT SEVEOS AL BETHD]. YR H: TR FHARZS AT KR4, 2018.
Shi Xueyan. Structural reliability optimization design based on decoupling method[D]. Shenyang: Shenyang Aerospace Uni-
versity, 2018. (in Chinese)
[6] Liang J. A single—loop method for reliability—based design optimisation[J]. International Journal of Product Development,
2008, 5(1): 76-92.
(7] A AR A AT SEME AL BT FI[D]. K% K% S K5, 2018.
Liang Xiaojia. Application of reliability optimization design based on agent model[D]. Dalian: Dalian Jiaotong University,
2018. (in Chinese)
(8] J& J&, Brbatd, FAEE . 2+ SMOTE Bk AN 25/ v SEPER AL 0T TH]. R gl K2e2E 4R, 2019, 53(1): 9-12.
Long Zhou, Chen Songkun, Wang Deyu. Optimal design of ship structure reliability based on SMOTE algorithm[]]. Journal of
Shanghai Jiao Tong University, 2019, 53(1): 9-12. (in Chinese)
X, LAEA . T SMOTE Rk A h A B A AR ANZSHY nTSEPEOL LT, P EARARHE T, 2020, 15(5): 10-13.
Liu Jing, Wang Deyu. Ship structure reliability optimization based on SMOTE algorithm and dynamic agent model[J]. Chi-
nese Journal of Ship Research, 2020, 15(5): 10-13. (in Chinese)
[10] B, Ty, EALBA . VL ECA A A DL KA R i 52 )], ks CR 2 H ), 2015, 15(8): 29-30.
Huang Zuodong, Yang Binfang, Wang Huaming. Study on development and ship type characteristics of river—sea—going ship
[J]. China Water Transport, 2015, 15(8): 29-30. (in Chinese)
(1] ARAEAL . AR5 RS T SEPE IR M. R KR i RAE:, 2001.
Yu Jianxing. Principle of reliability of ships and marine structures[M]. Tianjin: Tianjing University Press, 2001. (in Chinese)
[12] 36355, RiEs, 5 1 . 58 AR R R LA 2 S A S AR (1], K, 2016, 37(10): 10-11.
Pei Zhiyong, Wu Shenyi, Wu Weiguo. Key technologies of large river—sea—going multi—purpose ship with wide flat fertilizer
[J]. China Water Transport, 2016, 37(10): 10-11. (in Chinese)
[13] 4BALoR . KVLYLIE B I8 i H 0 A J BUR AR EL - ()] TR E K2 CF 2l H ), 2017, 17(4): 33-37.
Zhou Lirong. Development status and ship type analysis of Yangtze River direct transport|J]|. China Water Transport, 2017,
17(4): 33-37. (in Chinese)
[14] 2 B 5 . R LR VLI EA AR ANREIE S5 AR AT A 5 sl )], v EARAS:, 2018, 10(9): 82-85.
Luo Xiaofeng. New trend of river—sea—going ship specification and ship type research and development for specific routes
[J]. China Ship Survey, 2018, 10(9): 82-85. (in Chinese)
[15] ekt 35, S TR . BT SMOTE 532 B A A S5 A4 A BRAR S AR BB R FE ). DU T2 (Sl 5 T
J), 2022. (5 %:4%)

Kang Yuhan, Pei Zhiyong, Wu Weiguo. Research on the agent model technology for ship structures limit state based on

[9

—

SMOTE algorithm[J]. Journal of Wuhan University of Technology (Transportation Science & Engineering), 2022. (in Chi-
nese, in press)

[16] AHEAL, B R B AEAR AR B 55 AR AT SEPERFSE (D). o L A, 2005, 46(3): 11-15.
Yu Jianxing, Yang Limin. Study on fuzzy reliability of ship longitudinal ultimate strength[J]. Shipbuilding of China, 2005, 46
(3): 11-15. (in Chinese)

(17) B3R, EREE . BT 2681 s SRR A A AR S A AT S PO AR ). P AT, 2021, 16(4): 12.
Luo Wenjun, Wang Deyu. Reliability optimization of ship structure based on interest—based subdomain dynamic proxy mod-
el[J]. Chinese Journal of Ship Research, 2021, 16(4): 12. (in Chinese)

(18] BRIAEL, AR/ANTT . AR A B8 B AT SEE T BT[], BT RR 440K, 2011, 33(10): 50-53.
Huang Shuhuang, Lin Shaofen. Reliability analysis of ship longitudinal ultimate strength[J]. Ship Science and Technology,
2011, 33(10): 50-53. (in Chinese)

(1912 A1, 203, & TR . 9 HE R ALV ELA M AS H SR AT D). PP K2, 2017, 38(1): 54-57.
Jiang Wei, Pei Zhiyong, Wu Weiguo. Analysis of structural strength of wide flat fat large river—sea—going ship[J]. China Wa-
ter Transport, 2017, 38(1): 54-57. (in Chinese)



