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Optimization of ship grillage structure under constraints of buckling utilization factor

HAN Tao', WANG Junze*, WANG Yuan', YI Jiaxiang”, WU Jiameng', CHENG Yuansheng”, LIU Jun®

(1. Marine Design and Research Institute of China, Shanghai 200011, Chinaj 2. School of Naval Architecture and Ocean Engineering,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The optimization of a ship grillage structure under the constraints of buckling utilization factor with finite element method for
buckling analysis possesses the characteristics of many variables and constraints, which is an expensive large scale optimization issue. It
is computationally prohibitive to solve this optimization problem using the conventional optimization method. To this end, a novel fast
optimization approach for ship grillage structure under the buckling constraint is proposed. Using the locality of the panel buckling
utilization factor, the variable dimensionality can be reduced while using the monotonicity between the buckling utilization factor and the
thickness of a buckling panel. The Newton iterative method can be applied to obtain the thickness of buckling panel with the buckling
utilization factor reaching the expected value. Meanwhile, the configuration of anti-buckling stiffener is decided by comparing the
improvement degrees in the buckling utilization factor of adding anti-buckling stiffener and thickness together with adding thickness only
under the same mass condition. Through two-stage iterative optimization, the optimized scheme of the thickness of buckling panel and
the anti-buckling stiffener setting can be determined quickly. The optimization results of double bottom structure of an oil tanker show
that the optimization can be done in less than 30 steps, which demonstrates the effectiveness of the proposed approach. The weight of
optimal scheme is reduced by 17.63% compared with the original scheme, and most of the panel buckling utilization factors of the
optimal scheme are between 0.9 and 1.0. Materials are fully utilized.
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panels when one thickness variable changes the target panel and its surrounding panels
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Fig. 3 Flowchart of the two-stage optimization
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Fig. 6 Design variable definition of double bottom structure ( partial midship transverse cross section plan)
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Tab. 1 Original thickness plan and resultant buckling utilization factor
BB S
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

t;/mm 17.2515.25 15.25 15.25 15.25 14.25 15.25 15.25 15.25 17.25 15.50 15.50 15.50 15.50 16.50 15.50 15.50 15.50 15.50

7, 040 0.49 0.50 0.49 0.49 0.53 0.49 0.50 0.49 0.40 0.66 0.65 0.63 0.64 0.61 0.64 0.64 0.65 0.66

ty/mm 17.2515.25 15.25 15.25 15.25 14.25 15.25 15.25 15.25 17.25 15.50 15.50 15.50 15.50 16.50 15.50 15.50 15.50 15.50

n; 051 0.57 0.51 0.51 0.51 0.56 0.51 0.51 0.56 0.50 0.86 0.90 0.83 0.77 0.70 0.80 0.87 0.94 0.88

) t,/mm 17.2515.25 15.25 15.25 15.25 14.25 15.25 15.25 15.25 17.25 15.50 15.50 15.50 15.50 16.50 15.50 15.50 15.50 15.50
R n, 055 0.61 0.50 0.52 0.52 0.58 0.51 0.50 0.60 0.54 0.90 0.95 0.85 0.79 0.71 0.83 0.91 1.00 0.93
i te/mm 17.2515.25 15.25 15.25 15.25 14.25 15.25 15.25 15.25 17.25 15.50 15.50 15.50 15.50 16.50 15.50 15.50 15.50 15.50
= ns 0.57 0.64 0.51 0.58 0.52 0.59 0.57 0.50 0.63 0.57 0.91 0.96 0.87 0.81 0.72 0.83 0.92 1.00 0.93
g tg/mm 17.25 15.25 15.25 15.25 15.25 14.25 15.25 15.25 15.25 17.25 15.50 15.50 15.50 15.50 16.50 15.50 15.50 15.50 15.50

ns  0.49 0.61 0.59 0.59 0.58 0.62 0.60 0.60 0.62 0.49 0.75 0.78 0.75 0.72 0.65 0.71 0.76 0.78 0.75

10 ti/mm 17.2515.25 15.25 15.25 15.25 14.25 15.25 15.25 15.25 17.25 15.50 15.50 15.50 15.50 16.50 15.50 15.50 15.50 15.50
7, 040 0.52 0.54 0.53 0.50 0.54 0.54 0.54 0.52 0.40 0.63 0.62 0.62 0.62 0.59 0.62 0.62 0.62 0.62
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Fig. 7 m-t curve of a panel in the first iterative stage Fig. 8 Variation histories of objective function
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Tab. 2 Thickness scheme and resultant buckling utilization factors after the first stage of iteration
1 ) WA
1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19

t;/mm 8.00 9.00 9.50 9.50 9.50 9.00 9.50 9.50 9.00 8.50 11.5011.50 11.50 11.50 11.50 11.50 11.50 11.50 11.50

7, 0.97 0.96 0.93 0.95 091 1.00 0.92 0.92 0.95 0.94 0.93 0.96 0.94 0.93 0.95 0.94 0.96 0.97 0.94

t/mm 12.00 11.50 10.00 10.50 10.00 10.50 10.00 9.50 11.00 12.00 14.50 14.50 13.50 13.00 12.50 13.50 14.00 15.00 14.50

n; 097 092 0.94 095 097 091 0.96 0.95 0.99 0.96 0.94 0.99 0.99 0.96 0.96 0.94 0.99 0.97 0.96

&\ t,/mm 12.50 11.50 10.00 11.00 10.50 10.50 10.50 10.00 11.50 12.50 15.00 15.00 14.00 13.50 13.00 14.00 15.00 15.50 15.00
It n, 097 1.00 0.97 0.90 0.94 0.96 0.94 0.89 0.98 0.97 0.95 0.99 0.99 0.94 0.94 0.94 0.94 0.99 0.98
1% te/mm 8.00 9.00 9.50 9.50 9.50 9.00 9.50 9.50 9.00 8.50 11.5011.50 11.50 11.50 11.50 11.50 11.50 11.50 11.50
=1 ns 097 096 093 0.95 091 1.00 0.92 0.92 0.95 0.94 0.93 0.96 0.94 0.93 0.95 0.94 0.96 0.97 0.94
o tg/mm 12.00 11.50 10.00 10.50 10.00 10.50 10.00 9.50 11.00 12.00 14.50 14.50 13.50 13.00 12.50 13.50 14.00 15.00 14.50

ns 097 092 0.94 0.95 0.97 091 0.96 0.95 0.99 0.96 0.94 0.99 0.99 0.96 0.96 0.94 0.99 0.97 0.96

0 t,p/mm 12.50 11.50 10.00 11.00 10.50 10.50 10.50 10.00 11.50 12.50 15.00 15.00 14.00 13.50 13.00 14.00 15.00 15.50 15.00

7, 097 1.00 0.97 0.90 0.94 0.96 0.94 0.89 0.98 0.97 0.95 0.99 0.99 0.94 0.94 0.94 0.94 0.99 0.98

2.3.2 A ARG
XA AS B AUE Jr A 10 5 0 W, 98 22 B e ot 5 A KA S FB200% 15, %5 5 4 7 850 kg/m’, 3T
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TINAE LSRG RN 1oy H 8 Xt S 3B ) v o g X e
x3 mEpFEER

Tab. 3 Configuration of anti-buckling stiffeners

T 1 A A G

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

1 0 0 0 0 1 0 1 0 0 0 0 0 1 1 0 1 1 0 0

2 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

3 1 1 1 1 0 0 1 0 0 1 1 1 1 1 1 1 1 1 0

4 4 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0
g 5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
1:% 6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
= 7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
8 0 1 0 0 0 0 1 0 1 0 0 1 1 1 1 1 0 0 0

9 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0

10 1 0 1 1 0 0 1 0 1 1 0 0 1 1 0 1 1 0 0

1 RN, 0 RN,

2.3.3 BBk USSR

FEINFR E G AESOMAT S, BT I B R kAR, Hek A0 18 25 15 B R & AR AR R T S
AENE 4 Jee iR PR 723 A D3R 4 Ak 58 5 I i Jr 2 8 il R 75 e an 181 9

AR S BT (% B e ) AR Ak 5, SUREESE — B Bob is JB B2 AR THAAE, P A IS Al A Jo i 4 iR
TKE 15.54% ;56 Z By Be 2l in i RIWT A0 s Frak AR, Bsi i it — 2B BEAR T 2.09% . MBI 9 AT LU, #th
J5 SR 2 A A T R R 7E 0.5~0.8 Z ], Bt B ARSF , HA A A T8 i AR N7 i 1.0, mififk
75 ZEXF L AR R RS S R P DR 724 SRR BUIEAE 0.9~ 1.0 22 0],

Ak T7 % 5 R IR T IAUEXT AN & 10 iR . b T RRARSE e RS JR bR 28 (81 10 (a) ) B pUR A2 1k
K BUER R ORSE MU DA AR AL, PR AR H ARS8 AR (R T 45 1.10) 18 2418 5L, A Ak 1] vl ( 46 )
' 6) 3 Uk, AR AR AR 1) R (R g 15) 5 SIS R BB T R (B 10(b) ) SRR
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FH PO ARRE IR T R, AL AR AR P52 53 A1 5 1 55 I 6 7 SRR B, 5 A AR A 5% , A SRS, T L AN Al
BJEE o3 i a A5 AR 5 58 BT AN R] , A 1] v B il e T7 5 (8 10 (0) ) BRRAE S —Br Befli b
J7 SRR b e —2L T [ AR AL A SN AR 2 i S A R AR IX I A T B T A G, BN BY
Bt A 77 S BOARZ AT N ) A IR, Ul T LS 75 S8 it SR, 107 R AT A5 )X S A T 22 A )
MRS BT, SR Zhtgd e I 89 B DL T 58 38 D0 T IR 5 58, PRS2 & B A R 5E 7
FH
x4 FMBERNEFRSEHFIAEFER
Tab. 4 Thickness scheme and resultant buckling utilization factors after the second stage of iteration
T ) B 2
1 2 3 4 5 6 7 8 9 o 11 12 13 14 15 16 17 18 19

t;/mm 8.00 9.00 9.00 9.50 8.50 9.00 8.50 9.00 9.00 8.50 11.00 11.00 10.50 10.50 11.50 10.50 10.50 11.50 11.00

7, 098 096 098 0.92 091 0.99 0.92 0.98 0.96 0.95 0.97 0.99 0.93 0.94 0.93 0.94 0.94 0.92 0.98

t;/mm 11.00 10.50 9.00 9.50 10.00 10.50 9.00 9.50 11.00 11.00 13.00 13.00 12.50 11.50 11.50 12.00 13.00 13.50 14.50

n; 095 092 094 0.93 0.95 090 0.98 0.94 0.98 0.95 0.94 0.98 0.95 0.98 0.93 0.95 0.94 0.96 0.96

£\ t,/mm 11.00 10.50 9.50 10.00 9.50 10.00 9.50 9.50 10.50 11.00 13.00 13.50 12.50 12.00 11.50 12.00 13.00 14.00 15.00
R un 1.00 0.98 0.89 0.90 0.94 0.87 0.96 0.96 0.96 0.99 0.98 0.95 0.99 0.94 0.95 0.99 0.98 0.94 0.97
te/mm 11.5011.00 9.50 10.00 9.50 10.00 10.00 9.50 11.00 11.50 13.00 13.50 13.00 12.00 11.50 12.00 13.00 14.00 15.00
= ne 097 0.93 0.95 0.97 095 0.88 0.96 0.93 0.92 0.96 0.97 0.95 094 0.95 0.96 0.99 0.99 0.94 0.96
tg/mm 11.50 10.00 11.00 11.00 11.00 11.00 10.50 11.00 10.00 11.50 12.50 12.00 12.00 11.50 11.00 11.00 12.50 13.00 13.00

ns 098 098 0.94 0.97 0.94 0.93 0.93 0.96 0.97 0.98 0.99 0.98 0.94 0.93 0.96 0.99 1.00 0.99 0.94
tip/mm 8.50 9.50 9.00 9.00 9.50 9.50 9.00 10.00 8.50 8.50 10.50 11.00 10.00 10.00 11.00 10.00 10.00 10.50 10.50

0 N, 090 092 0.95 0.93 094 0.98 0.98 0.97 0.94 0.92 0.95 0.92 0.95 0.96 0.94 0.94 0.93 0.99 0.96
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Fig. 9 Comparison of the buckling utilization factors between the original scheme and optimized one
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Fig. 10 Comparison of the plating thickness of original scheme and optimized one
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Tab. 5 Variation of total mass of inner and outer bottom structures

PN MBS T R 8 A SRR TE G JERE AT A T e AR A
BT/t 199.94 168.88 164.70
WANE T (%) - 15.54 17.63

N R AR B RSB N AN AR T (S SR ) S 157.86 t,
3 45 i

SIHT T RUZ JRARRS R PR e, 4 1 1 3 T AR AR 2R i DA B DR I A Tk I A
PR T SR AL R — S IO (AL Ak ol — 2R 5 AR i (LA [T, O£ B A= ik A Qe A A9
AU, ST S 1) P PR 729 SR B RE RS T ot 473 A A PRt SO, T B SUZ IR s R Ak
RORUIR, FEABWT .

1) B 4 S AN SR 285 [ B RS ARSG , A S AL a2 i ] L ZZ S AT, ELARUMS 6 J
PR 7722 1 il 2 B AR RS P52 P 96 i i B30 e L2 T etk

2) F RS St th 4 R A R T ) A AR R R AR DA S 1 RS A T R ) Al 224544 T it 2
BT ERE | 1 B B AL T 125 1] 2 BB SEARUMS LA e 6 et it A3 O A P, T LAY 80 SR AR AR 45 s
AT 58, HAAL AR A AR ARG SONBE A i BR ], ] TSP R SR 4544 i i AR 153

3) AT AR SE BRI AT I 7 2R B AR 2R R A Al . T SUZ SR OL AL S8 4], BB 7 30
WA FROCIH R Z W g LA it DAt 75 58 S BTRE AR LG T R 07 S IMCEL K 17.63% , ARk Jisk il 1) T IR 7468
RERIFBUELTE 0.9~ 1.0 Z (8], bR 2 & B 15870 FUH
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