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Abstract : This paper presents an efficient finite analysis model and a simulation-based reliability analysis method for stowage device
system failure of a container crane with respect to lateral load. A quasi-static analysis model is introduced to simulate the nonlinear
resistance characteristics and failure of tie-down and stowage pin, which are the main structural stowage devices of a crane. As a reliability
analysis method, a subset simulation method is applied considering the uncertainties of later load and mechanical characteristic parameters
of stowage devices. An efficient Markov chain Monte Carlo (MCMC) method is applied to sample random variables. Analysis result
shows that the proposed model is able to estimate the probability of failure of crane system effectively which cannot be calculated
practically by crude Monte Carlo simulation method.
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Fig. 1. Container crane and lower part structures,
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Fig. 2. Schematics for 2D finite element model of crane lower
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Table 1. Descriptions of random variables

Name Type Mean C.O.V.

Lateral load (kN) Normal | 150~500 0.2
yield strength (kN) Normal 450 0.1

Left ultimate strength (kN) Normal 550 0.15
Tie-down | yield displ. (mm) Normal 100 0.1
ultimate displ. (mm) Normal 150 0.15
yield strength (kN) Normal 450 0.1
Right ultimate strength (kN) Normal 550 0.15
Tie-down | yield displ. (mm) Normal 100 0.1
ultimate displ. (mm) Normal 150 0.15
yield strength (kN) Normal 350 0.3
Pin cup ultimate strength (kN) Normal 690 0.2
yield displ. (mm) Normal 1.1 0.3
ultimate displ. (mm) Normal 22 0.1
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Table 2. Probability of failures w.r.t, lateral loads

Mean value of lateral load (kN) Py
150 1.59x10°
175 1.32x10*
200 5.05x10*
250 6.28x10°
300 2.04x107
400 2.02x10™
500 4.96x10™
2} 1.59 < 10 " HE] 4.96 < 107" 7kA] Wkt ) 8152

Bat A7) Wste] g oy &E HIlE AuEd
150 kNojJA 300 kKN7FA] BHsl=0| 2b)] Z7)sk= =
oF T FES 10 oA 1072 42F 22 oF 10004
7kt AR YT ol o] ditolA st
= 74]1‘:%*]/\’5“4 ]9 sk A7]of| gt WI=s}
-9 =22 vebdltka 3 4= qlck

FEA AlgdoldolA AFYsk= mhashE
A ZARIE2] Al (correlation)of 2J3l O(N
HH(bias)= 7}?41 UL Lk ZH7FER AlEdold

Hoh & HEASE 7HA s Aes A Sloh
E3 HEAs= ﬂgﬁl]’%ﬂ 2% R dAS
7} goldel wet S7kskal A& =7 ARl ot &
oJ =), o] dA|o|A HEAGL £ dolry]
sto] o= A Ftsks 4k 250 kN wfjof] tisto] 103]
o] AlEF oS 3%t AFE th2 Table 30 Lbe}
ook oaEg ge 2.77 X 10738 E] 7.27 x 107 3%)0)

oo
)

LFEO T, B 538107, WEALR 2871% S Bl
shsict
BEA Ageolde] TaAe TstE Al

Table 3. Variations of probability of failures

Simulation No. pp(x107%)
1 571
2 435
3 6.28
4 7.27
5 6.74
6 7.17
7 549
8 2.71
9 3.56
10 4.50
Mean 5.38
CON.(%) 2871
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