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Reliability analysis of gravity dam based on IPSO-Kriging model
SONG Lei' ,OU Bin®, LIU Zhongming' , SHENG Mingqiang®
(1. Institute of Human Settlements , Nanchang Institute of Science and Technology . Nanchang 330108 ,China;
2. College of Water Conservancy ,Yunnan Agricultural University , Kunming 650201 ,China;
3. School of Civil Engineering and Architecture , Nanchang University , Nanchang/330031,China)

Abstract; Aiming at the reliability analysis of gravity dams by traditional probabilisticireliability analysis methods, the analysis
process has poor convergence, low accuracy,and long time consumption due to the infliencé of the structural performance uncer-
tainty and the high nonlinearity of the function. Combined with improved particle swarm optimization (IPSO) and the Kriging
model, a reliability analysis method of gravity dam based on the IPSO-Kriging model is proposed. The particle swarm optimiza-
tion (PSO) algorithm is reconstructed employing mutation operation, inertial weight, and Gaussian weight,to improve the tradi-
tional PSO algorithm's slow convergence speed and early maturity. The' TPSO and Kriging model are integrated to establish the
reliability optimization model of gravity dam based on the IPSO-Kriging/model.

Under the synergistic action of many factors, such as static and.dynamic load, bad environment, and aging of materials, the
functional function of a gravity dam is often highly nonlinear ywhich is difficult to be described by an explicit mathematical mod-
el. This leads to the limitation of the traditional analysis, method in the process of gravity dam engineering reliability. To break
through the constraints of highly nonlinear and non-deminant structural function, it is intended to explore a reasonable optimiza-
tion scheme based on the basic principle of the Kriging model to make it have higher fitting ability and robustness, to achieve
accurate and efficient calculation of reliability of‘complex gravity dam engineering.

Considering the traditional Kriging‘model,the pattern search method has poor global optimization ability and is sensitive to
the initial value. The PSO algorithm is adepted and variation operation,inertial weight,and Gaussian weight are implemented to
improve the algorithm. On this basis, the IPSO algorithm is used to optimize the Kriging model to overcome the defects of the
pattern search method and build the IPSO-Kriging model with stronger and stable predictive ability. Finally, on the premise of
explicit numerical examples, to verify the accuracy and efficiency of the established method, the ABAQUS simulation software
and Matlab implementation program are used in combination with the actual engineering to realize the efficient calculation of
gravity dam reliability.

Based on the actual.gravity dam engineering, considering the highly nonlinear and non-dominant characteristics of gravity
dam function, the constructed IPSO-Kriging model and the reliability index optimization calculation method are applied to realize
the efficient calculation of the reliability index of gravity dam. This is mainly attributed to the following unique advantages of the
IPSO-Kriging model in reliability analysis of complex structural engineering with high nonlinear degree: (1) The variation oper-
ation, inertial weight,and Gaussian weight of PSO algorithm are improved and introduced into the Kriging model. An TIPSO al-
gorithm based optimization Kriging model is proposed,which could effectively solve the problems of the local optimal solution
and difficult initial value selection in the traditional Kriging model. (2) The reliability index optimization calculation model is es-
tablished based on the organic combination of reliability index definition and optimization algorithm,and the reliability index op-
timization design method of a gravity dam is proposed based on the IPSO-Kriging model. The method presented can improve the
calculation accuracy and reduce the number of simulations to save the calculation cost. (3) Based on the advantages of the estab-
lished IPSO-Kriging model and the high efficiency of the proposed method, the finite element model of structural limit state reli-
ability is built with the help of the advantages of the finite element simulation platform,and the corresponding implementation
program is developed. Compared with other methods, this method has higher calculation accuracy and efficiency, and good adapt-
ability and robustness.

Key words: gravity dam;Kriging model; particle swarm optimization; structural reliability ; numeric optimization
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