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An efficient time-varying reliability method based on AK-FORM
method and dimension reduction method
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Chongqing University, Chongging 400045, P. R. China)

Abstract: The PHI2 method is commonly used to perform the time-varying structural reliability analysis, with
the calculation of outcrossing rate being pivotal to its implementation. Achieving sufficient accuracy is often
necessary to calculate the outcrossing rate at a large number of moments. However, for practical problems
involving complex limit state surfaces, the calculation of the outcrossing rate at each moment can be very time-

consuming. To further improve the efficiency of PHI2 method, three strategies are proposed to be introduced in
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this paper to improve the efficiency of calculating outcrossing rate. Firstly, the strategy without Cholesky
decomposition is used to reduce the number of random variables, while the corresponding calculation of
correlation coefficients is given. Secondly, the improved first-order reliability method based on the adaptive
Kriging model (AK-FORM) is introduced to efficiently calculate the reliability index at each moment. Finally,
the two-dimensional integral is converted into a one-dimensional integral by using the dimension reduction
method. The three improvement strategies are combined with the PHI2 method, which forms an efficient time-
varying reliability analysis method based on the AK-FORM method and the dimension reduction method, 1.e.,
the K-PHI2 method. Meanwhile, only the strategy without Cholesky decomposition is combined with the PHI2
method to form the PHI2- method. The calculation results of numerical and engineering examples demonstrate
that the PHI2- and K-PHI2 methods proposed in this paper have the same high accuracy as the PHI2 method,
and both are better than the PHI2+ method (an improved method based on PHIZ2) in terms of accuracy;
compared with the PHI2 and PHI2Z+ methods, the PHI2- method has a little improvement in efficiency, while
the K-PHI2 method further greatly improves the efficiency of time-varying reliability analysis on this basis.

Keywords: time-dependent reliability; PHI2 method; irst-order reliability method (FORM); Kriging model;

outcrossing rate; dimension reduction method
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Table 2 Computed reliability index results for example 1

Jr ik N P/10°° B ery/ %
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Fig. 2 Time-varying reliability index for example 1
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Fig.3 Time-varying failure probability for example 1
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Fig.4 A simply supported corroded steel beam
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Table 3 Statistical information of random variables and

processes for Example 2
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Table 4 Computed reliability index results for example 2
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Fig. 5 Time-varying reliability index for example 2
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Fig. 6 Time-varying failure probability for example 2
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Fig.7 The truss structure
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Table 5 Distribution information of the truss structure
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Table 6 Computed reliability index results for example 3

Iy ik N P/10°* A
PHI2 9315 1.910 2.079 2
PHI2- 7064 1. 880 2.0717
K-PHI2 5016 1.910 2.079 2
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Fig.8 Time-varying reliability index for example 3
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Fig. 9 Time-varying failure probability for example 3

4 g

M3 A4~ T T I 35 45 B 220 B R SR ) T R AR
T B — v 255 A B 28 BT 5 B 43 B 5 vk (K-PHI2 7
) AR e

1) PHI2-J7 ¥ B 7F — & B 4 v PHI2 J5 ik
[ 2%50% , BIAS 5] A Cholesky 43 5 B HLAE & Y, 0 5
Y, Pl Sr AR BERE R o+ A I 20 Bl AL L ARG 8
2, I 7E — 7 B BE - 48 v I A8 o] 58 B A M SO

2)5] A AK-FORM /35318 o fl o+ Ac i Z1 Y
A EEFE AR B(0) B+ AD) M REE Z B a(7) ca(r+
Ar) BB T ik — 1 B v T BE pR B0 R R U
b, 5 ABEYE 5K .8 (0), — B+ A7), pe (T,
o+ A7) ISR it R A Ry — 4R A3 1), i — AR T
A A5 ] 58 B BT RIOR .

3) B 45 FE WY, 2 Y K-PHI2 Jy 4 [R) B 3%
FH F 5508 530 A0 TR 5800, 76 DR UE RS B B2 19 1 00
T, H & R W W e T PHI2 5 ¥ . PHI2- 7 i Al
PHI2+ ik,

[1] YANG M D, ZHANG D Q, HAN X. New efficient
and robust method for structural reliability analysis and
its application in reliability-based design optimization [J].
Computer Methods in Applied Mechanics and Engineer-
ing, 2020, 366: 113018.

[2] 30, XK, 22 0FE R . 3T HLRF &% 548 X R Ek 1
05 R e TR EE O k(T ). DR 1A%, 2022, 39(9): 1-9.
FAN W L, LIU C, LI Z L. Improved reliability method
based on HLLRF and modified symmetric rank 1 method [J].
Engineering Mechanics, 2022, 39(9): 1-9. (in Chinese)

[3] JIANG C, WEI X P, WU B, et al. An improved
TRPD method for time-variant reliability analysis [J].
Structural and Multidisciplinary Optimization, 2018, 58
(5): 1935-1946.

[4] ZAFAR T, WANG Z L. An efficient method for time-
dependent reliability prediction using domain adaptation
[J]. Structural and Multidisciplinary Optimization, 2020,
62(5): 2323-2340.

[5] JIANG C, HU Z, LIU Y X, et al. A sequential calibration



170 AR5 F B LA FROF E L) %47 %
and validation framework for model uncertainty tion strategy for active learning Kriging-based structural
quantification and reduction [J]. Computer Methods in reliability analysis [J]. Computer Methods in Applied Me-
Applied Mechanics and Engineering, 2020, 368: 113172. chanics and Engineering, 2023, 412: 116066.

[6] WU I H, ZHANG D Q, JIANG C, et al. On reliability ~ [17] XI7& , #3C35, & BH, % . T £ 5% 3 Kriging 5
analysis method through rotational sparse grid nodes [J]. i o F — ORI R B O (T TR 12, 2024, 41(2):
Mechanical Systems and Signal Processing, 2021, 147: 35-42.

107106. LIU C, FAN W L, YU S7J, et al. Improved first order

[7] HAWCHAR L, EL SOUEIDY C P, SCHOEFS F. reliability method based on adaptive kriging model online
Principal component analysis and polynomial chaos ex- first [J]. Engineering Mechanics, 2024, 41(2): 35-42. (in
pansion for time-variant reliability problems [J]. Reliabili- Chinese)
ty Engineering &. System Safety, 2017, 167: 406-416. [18] RICE S O. Mathematical analysis of random noise [J]. The

[8] YU S, ZHANG Y W, LI Y, et al. Time-variant Bell System Technical Journal, 1944, 23(3): 282-332.
reliability analysis via approximation of the first-crossing [19] ANDRIEU-RENAUD C, SUDRET B, LEMAIRE
PDF [J]. Structural and Multidisciplinary Optimization, M. The PHI, method: A way to compute time-variant
2020, 62(5): 2653-2667. reliability [J]. Reliability Engineering &. System Safety,

(9] BRI, SR W, BEFAYE . LT LR B B 38 N 2004, 84(1): 75-86.

Kriging 155 %1 (i 3 £& 14 BE AL 36 71 5 58 1) i 28 o) 58 M 43 Hr [20] SUDRET B. Analytical derivation of the outcrossing
U] Jesh 5 npids, 2021, 40(21): 47-54. rate in time-variant reliability problems [J]. Structure and
TANG H S, GUO X Y, XUE S T. Time-varying reli- Infrastructure Engineering, 2008, 4(5): 353-362.

ability analysis of nonlinear stochastic dynamic systems [21] SHINOZUKA M. Probability of structural failure under
based on generalized subset simulation and adaptive Krig- random loading [J]. Journal of the Engineering Mechan-
ing model [J]. Journal of Vibration and Shock, 2021, 40 ics Division, 1964, 90(5): 147-170.

(21): 47-54. (in Chinese) [22] Ju3C5E, M, Z21E R . #F Mehler 24 201 & 550 56

[10] HU Z, DU X P. A sampling approach to extreme value FBOR AR H AR [T]. R T K2 M (B R ), 2016,
distribution for time-dependent reliability analysis [J]. 44(6): 838-844.

Journal of Mechanical Design, 2013, 135(7): 071003. FAN W L, YANG P C, LI Z L. A technique for

[11] LI X W, ZHAO Y G, ZHANG X Y, et al. Explicit solution of equivalent correlation coefficients based on
model of outcrossing rate for time-variant reliability [J]. the Mehler’ s formula [J]. Journal of Tongji University
ASCE-ASME Journal of Risk and Uncertainty in Engi- (Natural Science), 2016, 44(6): 838-844. (in Chinese)
neering Systems, Part A: Civil Engineering, 2022, 8(1): (23] Drdxd%, WEEE . 4t LS00 R BUE 1Y — A TS
04021087. (V1. AR5 J1 2 B CRE T, 1996, 13(4): 494-499.

(12] 2 Sp i, MR de . S Dl B0 b £ B8 W 58 R 1) J B2 e v GONG J X, ZHAO G F. An approximate algorithm for
WFSE[T]. Tk EE50, 2019, 49(8): 1-5, 107. bivariate normal integral [J]. Chinese Journal of Compu-
LUO L S, CHEN Z H. Time-dependent reliability anal- tational Mechanics, 1996, 13(4): 494-499. (in Chinese)
ysis of corroded steel members based on the important [24] FENG Y S. A method for computing structural system
sampling method [J]. Industrial Construction, 2019, 49 reliability with high accuracy [J]. Computers &. Struc-
(8): 1-5, 107. (in Chinese) tures, 1989, 33(1): 1-5.

[13] WANG D P, QIU H B, GAO L, et al. A single-loop [25] U, W6 IE AE . 25 K9 2 45 0l 55 HE RS 00 11 20 3036 1], 98 i
Kriging coupled with subset simulation for time-depen- SEREE . 1995, 22(3): 46-51.
dent reliability analysis [J]. Reliability Engineering &. DONG C, LI Z N. An exact evaluation theory of struc-
System Safety, 2021, 216: 107931. tural system reliability [J]. Structure &. Environment

[14] Eﬁﬁj{f E%j? ik f ’ %?’f%%%‘fﬁ@-ﬂ?}%i@ﬂ‘] Engineering, 1995, 22(3): 46-51. (in Chinese)
LRE i S P f 22 0T BEBRSE LI BVSEIV 20 1o ot e mite, i . = Sebioe T A0 4 R0 3
2020, 37(6): 776-782. BT, HES L 220 1996, 17(4): 10-19.
WANG S W, WANG X J, HU B, et al. Study on time- ) . . . o
varying reliability of LRB isolated bearings based on YAO JT ZHAO (’,F’ P,U Y X. Caleulation of joint
probability density evolution method [J]. Chinese Journal probability Of_ t.wo-dlmenswnal standard normal U_]'
of Computational Mechanics, 2020, 37(6): 776-782. (in Journal of Building Structures, 1996, 17(4): 10-19. (in
Chinese) Chinese)

[15] WANG Y J. PAN H. SHI Y N. et al. A new active- [27] SUN Z L., WANG J, LI R, et al. LIF: A new Kriging

[16]

learning estimation method for the failure probability of
structural reliability based on Kriging model and simple
penalty function [J]. Computer Methods in Applied
Mechanics and Engineering, 2023, 410: 116035.

HONG L X, SHANG B, LIS Z, et al. Portfolio alloca-

based learning function and its application to structural
reliability analysis [J]. Reliability Engineering & System
Safety, 2017, 157: 152-165.

(% A%



