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Time-varying reliability analysis of nonlinear stochastic dynamic systems based
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Abstract: Here, aiming at time-varying reliability problem of nonlinear stochastic dynamic systems under the
excitation of nonstationary Gaussian random process, a highly efficient calculation method GSS — AK — MCS of generalized
subset simulation ( GSS) and adaptive Kriging model combined with Monte Carlo adaptive updating ( AK — MCS) was
proposed. Based on the total probability theorem, the time-varying reliability of nonlinear stochastic dynamic system was
converted into a two-layer nested problem. In inner layer, cumulative failure probability under non-stationary random
excitation was calculated with GSS algorithm. In outer layer, Kriging agent model between system random parameters and
cumulative failure probability was constructed adaptively. The reliability analysis of the stochastic system was realized
based on the agent model. Taking time-varying reliability analyses of two nonlinear structure systems as examples, the
feasibility of the proposed method was verified. The numerical results showed that GSS — AK — MCS method is not affected
by spectral characteristics of non-stationary random excitation; compared with the traditional MCS and Kriging model
method, the proposed method can significantly improve the calculation efficiency for time-varying reliability of nonlinear
stochastic dynamic systems.
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Tab.1 Random variables of the nonlinear system
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Tab.2 Cumulative probability of failure for the SDOF

structure system
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Tab.3 Calculation condition

T a)g/(rad-s_') S/ (m* +s7?) b/m
1 21 0.030 3 0.055
2 3 0.020 5 0.055
3 47 0.0156 0.055
4 S 0.012 7 0.055
5 61 0.010 7 0.055
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[u-30, u+30]

KA SCHR Hi B9 GSS - AK - MCS Jr ikt ATtk
Z B 1 E B UMESR A AR AT SR04 . LA B T
HIRE B R R [ LR A TS T 42, J2 ) LR MR 7. A
T BIME b =0.04 m MIIA NG R, GSS - AK - MCS
TRV R (1 30, p+30 [EREN, RANLT
RS 7 HAE B ST R IR 16 AN IR AR AR R, 0 = 4R
Kriging #270 , GSS iLHIIHIN FEAEAECH 2 500, 2%
BCE po =0. 3,14 AK - MCS J7r ik B QB AL, B3

R AREBCAV R I KRR P =5 %107, AT
=20 s B R, ARBRALED B 58 B E BT 17 A
Mo B MR B RE A K20 A | 5% O 2 e 7 TR
R BRRMMEABELSE RN NE 7. E8 5K5,
LA, R Al GSS-Kriging-MCS J5 i s U BENL S B A &
B RSB 33 A, I HLLUMESE MCS J7 i 7ERENL
AF RS [EHE 10° SRR S, AR AT 10° YR
AT RS R N R R B S,
RS T=20s FRIEERRARIUMIR
Tab.5 Cumulative probability of failure for the frame

structure at T=20 s

& A GSS - Kriging — MCSGSS — AK -MCS ~ MCS

R 1.95%x10°* 2.01x107°  1.92x10°°

HERZE 1.6% 4.7% -
AR IREL 9.018 x107* 9.018 x10~* 10°
HERANE  0.009 1% 0.009 1% 1

Bl 7 AP 8 SRIAS SCHR Y B & R ACERAR B 7 1k
25 F R A RBURBAERTE I 5 R BB R A 2B X
S B REAS U R A, 4R 1 QB R 7 S B IX 3
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Fig.8 Surrogate model of cumulative probability of failure
for 5=0.04 m
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