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Abstract: To solve such problems as inaccurate results and sensitivity to model parameters in
structural reliability evaluation based on random load and strength degradation, a modeling
method based on random distribution characteristics was proposed. The distribution
characteristics of random load were considered, and the load-strength model and stochastic
process theory were used to improve the accuracy of reliability calculation. Taking the counting
model of random load as the Poisson process for example, the distribution characteristics of
random load arrival time were analyzed and proved. Based on this, the reliability formula of the
first load was derived, and the calculation formula of structural reliability was derived
theoretically according to the total probability formula. An example analysis showed that the
proposed method is consistent with Monte Carlo simulation results, which verifies the correctness
of the proposed method and improves the accuracy of reliability calculation compared with the
other methods.
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Fig. 1 Random load-strength model with strength
degradation
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Table 1 Structural reliability of the first shock load
calculated by the MC simulation algorithm
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1. BB EREN, =10° &I Ay 15

2. PR BENLEC (k) :x(K)~U[0,11,k=1,2,---,N, 5

3. TR BEHLUE (o) %R B ] y (k)
y(k)=-log(1-x(k))/A;

4. ARYE () AR S AT EERE P (k)

5. BEITE AR R AR LG (H:N,=0,N,=0;

6. For k=1 to k=N_;

7. ify(k)<t;

8. N=N+1;

9.  N=N+P(k);

10. End

11. End

12. P(1)=(N,/N,);

13. Return P(1).
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8 0. 968 472 0. 950 476 1. 86 0. 968 547 -0.01 0. 950 808 1.82
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Fig. 3 System reliability of the first shock with
parameters A, and S,
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Table 4 Comparison of relative errors by calculation methods with parameters A, and g;,
T MC {ij E SCik[12] A5 SCHR[13]
AR QIE ;S RE/% CIE ;S RE/% CIE s RE/%
3 0.262 698 0.257 366 2.03 0.262 732 0.01 0.204 109 22.30
6 0.083 124 0.074 339 10. 57 0. 083 143 0.02 0. 079 004 4.94
9 0.020 184 0.015 242 24.48 0. 020 181 0.01 0.019 957 1.12
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Fig. 4 System reliability of the first shock with
parameters A, and B,
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Fig. 5 System reliability of the first shock with
parameters A, and 3,
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Table 5 Comparison of relative errors of calculation methods with parameters A, and 3,,

FERx 10 MC {5 5 CHR[12] AR SCHR[13]
A AR DE ;S RE/% LIEi RE/% CIEAES RE/%

3 0.239684  0.224 861 6.18 0.239 610 0.03 0. 186 145 22.34

6 0.070255  0.049 609 29.39 0.070 163 0.13 0. 066 670 5.10

9 0.016769 0. 008 400 49.91 0.016 742 0.16 0.016 556 1.27
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Table 6 Comparison of relative errors of calculation methods with parameters A, and 3,

K10 MC fij H 3CHR12] ARSI SCHR[13]
CIET3; s G4 S RE/% EIETS: S RE/% IS RE/%
3 0.295596  0.289 506 2.06 0.295 543 0.02 0.229 598 22.33
6 0.126254  0.112878 10. 59 0. 126 247 0.01 0.119 961 4.98
9 0.041345  0.031240 24.22 0. 041 365 -0.05 0. 040 905 1. 06
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