KEE WS GHE XS
284 F23% 19914 101]
Transactions of the Society of
Naval Architects of Korea
Vol.28, No.2, October 1991

Markov Chain Model& o] &3 #+ZE9]
HZ2 424 a4l 3F A

A o -
&k o & & A T

A Study on the Fatigue Reliability of Structures
by Markov Chain Model
by
Y.S.Yang* and J.H. Yoon**

2 %

TdEAA #F B APANE HE F93d HAo] &-EI A (stochastic process) Y& HoJF
I olck wetd, g2 FAAH A AT FEEA It opFelHeol gl £ GFME
T4 AAA}AE discrete Markov process® 7}A 3}, Bogdanoff7} #}¢+gt Markov chain model
(MCM)& o) §3te] F289] AHEE F7HE 4 ot $UL ANYeh £ Aol dE 72342
g2 T 2487 2en ANAAE Hodlen, 27 FAas) WEA, A4 A5 5
o) Zasiglch wah, BHA AL 51299 AYe mqde Asach. 2%, TR
AEE Foted ¢ A7 $44L maoh

Abstract

Many experimental data of fatigue crack propagation show that the fatigue crack propagation
process is stochastic. Therefore, the study on the crack propagation must be based on the probabilistic
approach. In the present paper, fatigue crack propagation process is assumed 1o be a discrete Markov
process and the method is developed, which can evaluate the reliability of the structural component by
using Markov chain model(Unit step B-model) suggested by Bogdanoff. In this method, leak failure,
plastic collapse and brittle fracture of the critical component are taken as failure modes, and the effects
of itial crack distribution, periodic and non-periodic inspection on the probability of failure are consid-

ered. In this method, an equivalent load value for random loading such as wave load is used to facilitate
the analysis. Finally some calculations are carried out in order to show the usefulness and the

applicability of this method. And then some remarks on this method are mentioned.
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Fig. 4 Simulation of Vikler’'s experiment by MCM
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Table 1 input data list

i frem Descrovon Remark

Crack gaometry < = const.
Indtial crack size a =20

A=05. 1.0, 20, 3.0
Detectability a =10

d=02 04 08
Materiat property €= 1.8318x 10" *Nmm =7 |

m =30 1

Ki = 300MP/m Normel

cor = 0.2. 0.3
6. =315 MPa Normat
“» cov = 0.1, 0.2, 0.3

Thickneas | W= 40.0mm
Duty cycle | To= 10000
Swess concentaton factor ¥ ! refer to Table.2
Wasve oad i i refer 10 Tahie.3
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Table2 Stress concentration factor (V)

Fig. 5 Crack growth curve by Paris-Erdogan Eq.

a/W Y a/W Y
0.001 5.6017 0.100 1.4838
0.002 4.4524 0.120 1.4513
0.004 3.5523 0.140 1.4464
0.008 2.8437 0.160 1.4513
0.010 2.6550 0.180 1.4639
0.020 2.1491 0.200 1.4786
0.040 1.7723 0.300 1.6565
0.060 1.6098 0.400 1.9738
0.080 1.5289 0.500 2421
Table 3 Load data
(unit, N/ mm?)
Load case | Stress range |Probability of occurrence
1 8.56 0.1959214
2 21.80 0.4906306
3 39.20 0.2073626
4 57.60 0.0585031
5 75.20 0.0254527
6 96.20 0.0127992
7 119.40 0.0068439
8 142.20 0.0020328
g 166.60 0.0003370
10 195.00 0.0000839
1" 224.00 0.0000327
40.00
J 356.31
- 30.00 1
€
£ 1
£
g
2 20.00 4
X
8
5]
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0.00 T T T T
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Table 4 Mean and variance of fatigue life for

Model.2
Load case Mean(N.) Var 55”33(0;)

1 40386.75 85605804.91
2 2446.91 314084.39
3 420.64 9281.78
4 132.60 822.35
5 59.59 186.28
6 28.47 o 4252
7 14.90 11.65
8 8.82 4.08
9 5.56 1.62

10 3.43 0.62

11 2.27 0.27

Table 5 Mean and variance of fatigue life for

Model.3

Load case Mean(N,)

Variance (o: )

3

356.31 6659.88
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Fig. 6 Simulation of Crack Growth by MCM
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