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Abstract: [ Objectives] In view of the frequent occurrence of marine accidents caused by low ultimate
bearing capacity of ships. To this end, the improved AK—=MCS method is proposed for the research of the
ultimate strength reliability of ship structures. [Methods] The information entropy function H was
introduced to perform secondary optimization on the sample points to improve the quality of the best sample
points, so as to improve the accuracy and update efficiency of the Kriging model; and then the iterative
stop criterion of AK-MCS was replaced by K-fold cross validation, so as to avoid over—learning and
under—learning situation, thus the Kriging model is trained with fewer sample points to achieve a high
degree of fitness to the limit state function. The nonlinear oscillator mathematical model is used to verify
the results. The improved AK-MCS method is applied to the ultimate strength reliability study of shipboard
frame. [ Results | The results show that the number of calls to the finite element calculation in the improved
AK-MCS method is reduced by 38% compared with the original method, and the efficiency and accuracy
of the improved AK—-MCS method are verified. The application results show that The calculation accuracy
of this method is the highest, and the number of calls to finite element calculation is reduced by 32%
compared with the original method. This verifies the applicability and efficiency of the improved AK-MCS
method in the study of the ultimate strength reliability of ship plates. [ Conclusions] The improved
AK-MCS method is used to research the ultimate strength reliability of ship plates and evaluate the failure
probability of local structures, especially dangerous structures during actual navigation.

Key words: ship plates; Kriging model; Monte Carlo sampling; limit state function; ultimate strength
reliability
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Table 1 Nonlinear oscillator design variable characteristics
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Table 2 Nonlinear reliability calculation results

o ERREC o mm
RN RES ﬂﬁﬁj\?])’t%ﬁ %= p, CIEY: ZH0/% B ll/min
MC 7x10* 0.028 357 1.9055 1.31 0.02
AK-MCS(U) 24+70 0.028 357 1.9055 1.31 21
AK-MCS(H) 24+76  0.028 357 1.9055 1.31 30
AK-MCS(UH) 24+34 0.028357 19055 1.31 14

Fe2 i, YIhE SR HIKEL 244707 R 24 4]
GRAEAR AN B 70 T BEAEAS 25 . XF LR 25 SR nT LA
F il AK-MCS(UH) J7 65 1 R 3 % 5 MC
PEA 25 S — 3, B AK-MCS(UH) J5 ¥ BA B
BT B 5 AK-MCS(UH) A 1 T 58 IR M1 fig
PR, LE AK-MCS(D) IR T 361K, e AK-MCS(H)
AT 429K, B T D6 eR B IR IR
5 AK-MCS (UH) W 11 & B [8] 24 14 min, [k
AK-MCS(U) , AK-MCS(H) B3 i) 45080 1 7
16 min, W] AK-MCS(UH) V25 TR 3CE.

2 Tk AK-MCS 72 19 it A b
ZRAB IR it 2wl S PE 23 Br

P 2001 RIS SR 2H 1804 M 2R 25 4 2 A AN 25 4 Y
BB I3, DRI A o A AR 2R ) A BIR
S RE o ARSI A AR 2R 4 A R 58 B 1 A4 RHREAE |

BIBL2E Bt SARM i i 22 I % 870 5 0 LA — 5 O BRI, 2 %0 A T AR
N 5 X . . N
" S o R UR B ) TS5 R R, R
‘ e 01 001 X AR 5 A B, T SE PR A TR 9T . AR ST
, &AM 05 0.05 53 T A 9 AK-MCS J5 3 % SCilik o — i 3
K [ ! 0 k30 A R R A R B 6 T
1 e : S5 RO A b5 M T 4R R 2K
HF MCHIEE M T 0P REAR T iz L 2O LR an i 3 s .
1 ! 1
I [ I l
s Pl IEN
= / 2 2\
= 3 3,
e - e "
= /5 REaN
= ;6 6y
S
Transverse frames b,
‘ 0.57 l 1 L 0.517 l |-—-

P
3 AR LA s 2 1A

Fig.3 Geometric diagram of stiffened plates



553

B AR EE  HET I AK=MCS ¥ B0 90 M 28 0% B 54 )32 7] S PR 45 A 127

AR RS2 P VSR o VR SRR Z B
7K FE ) P I AR 1) 3 B e ACH

G=0,-0,,, (6)

A G <0 FEERIAL; o F N AR 1 4% PR 7 2

fE 3, BIFERE ) FE ) (2 ) 25 R 21 A A A R

5 VA BROCEE RT3 5 o, IS AR AE
HORZE T M 92 PR AR U 7, AT AR A Shu 452 H
2 g 8 st AT I3

X M +X X M

msw, m mwv, m“ T mwv,nl""" wy (7)

o =
x,hg Z
4

Ph & S50E Lk 3 s .

R3 MEHRERSH
Table 3 Stiffened plate model parameters
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deformation of welding (scale factor is 50)

5 Jhg ROSE BB B A 37 Al 78 A FRAR S TR
A RIS ER

M 5(b), B 5Ce), B 5(d) AT, B4R 2R 5%
158 20 591y SR sk 1T 2 280 AT A AR 2 258 R 7
b 2 285 3 7o R RO SRR 2 A

¥ F1/MPa
+3.150e+02
+2.944e+02
+2.738e+02
+2.532e+02
+2.326e+02
+2.120e+02
+1.914e+02
+1.708e+02
+1.502e+02
+1.297e+02
+1.091e+02
+8.847e+01
+6.787e+01

(a) Mises b 11z &

{7 #% /mm
+3.522e+01
+3.121e+01
+2.720e+01
+2.318e+01
+1.917e+01
+1.516e+01
+1.115e+01
+7.136e+00
+3.125e+00
-8.875e-01
—-4.899¢+00
-8.911e+00
-1.292e+01

(b) 207 W hits =



128 BOEOM  BF 5T

F15%

v % /mm
+7.996e+00
+6.672e+00
+5.348e+00
+4.025e+00
+2.701e+00
+1.377e+00
+5.293e-02
-1.271e+00
-2.595e+00
-3.919¢-00
-5.243e+00
-6.566e+00
-7.890e+00

{7 F% /mm
+7.996e+00
+6.672e+00
+5.348¢+00 T T
+4.025e+00 i T A
+2.701e+00 o - it
+1.377e+00 i I T iy
+5'293e_02 'I::””U,Ni\\'\II:”mY |H:|‘HI|VI;I‘H::HIII ‘:El I \}\Illllll[ll\m||‘||“”:”I”::\IHIIII”::EIII”‘
-1.271e+00
-2.595e+00 y
-3.919¢-00 )

—-5.243e+00
—-6.566e+00
-7.890e+00

(d) y I 1%
IS5 A FROR S A7 BROTARE B 155 2 4]
CEIE IR K 8)
Fig.5 The finite element calculation cloud chart of stiffened

plate under limit state( deformation magnification is 8)
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Table 4 Stiffened plate reliability calculation result
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