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Dynamic reliability analysis method of anti-sliding stability
between layers of gravity dams

ZHANG She-rong, WANG Chao, SUN Bo
(State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300072, China)

Abstract: Due to the randomness of dynamic loads and structural parameters, dynamic reliability of stability between layers of RCC
gravity dam deserves the attention. Considering the randomness of spectrum characteristics and peak acceleration of seismic waves as
well as material parameters of the dam, potential sliding paths of the dam subjected to earthquake can be identified by generalized
statistics; based on stochastic finite element method (SFEM) results, the limit state function of dynamic sliding is built according to
rigid limit state criteria and response surface method (RSM) under a certain seismic loading; the reliability index is got as well; then,
considering the relativity between different failure paths, the reliability index of the system can be estimated by Ditlevsen
narrow-bound method. Finally, the randomness of seismic load is taken into account, the numerical integration method based on
complete probability formula is used to get the dynamic system reliability. The results indicate that the system reliability between
layers of gravity dam no longer depends on the failure path of the foundation plane, but is closely related to the failure paths at the
downstream fold slope when the horizontal earthquake coefficient is greater than 0.2. This method is mathematically clear and
practical.
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Fig.1 Flow chart for system reliability of anti-sliding
between layers of gravity dam under seismic loading
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Table 1 Statistical characteristics of stochastic variables
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Fig.2 Potential dynamic failure paths of
dam in different stochastic conditions
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Fig.3 Potential dynamic sliding paths of dam (unit: m)
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Fig.5 Sliding reliability distributions under different
horizontal seismic coefficients
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Table 3 Correlation coefficient between correlated sliding
failure modes when K,;=0.3

RARRAE 1 RBOHAR 2 RAMRAE 3 RBOHAT 4 RAURAE 5 KRB 6

Pf(A):10C+31A+BZA2+33A3+B4A4, 01<A<05

1.000 -0.129 -0.129 -0.124 -0.130 -0.141
-0.129 1.000 0.927 0.613 0.431 0.667
-0.129 0.927 1.000 0.862 0.732 0.892
-0.124 0.613 0.862 1.000 0.976 0.996
-0.130 0.431 0.732 0.976 1.000 0.958
-0.141 0.667 0.892 0.996 0.958 1.000
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Table 4 Reliabilities of gravity dam system under
earthquake
RTHTERE A RS P(f|4) LR 1gP(f]4) TR
0.00 5.123%x10' -15.291 8.310
0.10 6.054x10 " -15.218 8.285
0.15 3.709x10 -13.431 7.665
0.20 2.481x10 " -11.605 7.016
0.25 7.978%10° ~7.098 5.255
0.30 4.838x10" -3315 3.300
0.35 0.146 -0.835 1.053
0.40 0.557 -0.254 -0.143
0.45 0.848 -0.072 -1.028
0.50 0.959 -0.018 -1.741
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