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Seismic Stability Analysis of High Earth-Rock Dams Based on Improved
Dynamic Distribution Coefficients and a Modified Drucker-Prager Model

ZHANG Rui', FAN Zeng', LU Jian-fei', CHI Shi-chun?
(1.Faculty of Civil Engineering and Mechanics, Jiangsu University , Zhenjiang 212013, Jiangsu ,China ;

2. Institute o f Earthquake Engineering , Dalian University of Technology , Dalian 116085, Liaoning ,China )
Abstract; The seismic acceleration dynamic distribution coefficient suggested in the current code
for seismic design of hydraulic structure (DIL5073-1997) is suitable for earth-rock dams that are
below a height of 150 m. However, currently, most earth-rock dams being designed are higher
than 150 m. Compared with low-height dams, tall dams have less constraint from the stiffness of
their foundation and the self-vibrating period of the high dam is prolonged under cyclic loading.
During the seismic response of the dam body, the high order self-vibrating period has more op-
portunities to coincide with the seismic predominant period and high order vibrations are easily
activated and amplified, which causes the seismic acceleration distribution to be dissimilar to that
in short dams. Using the finite element method, the seismic acceleration distribution of high
earth-rock dams can be analyzed. The analytical results allow for the determination of the seismic
acceleration dynamic distribution coefficient of earth-rock dams 250 m level in height. On the ba-
sis of these results, employing a modified Drucker-Prager model and strength reduction tech-
nique, further research on the slope seismic stability analysis of earth-rock dams 250 m level in
height was made. The conclusion of this analysis was that a decrease of the seismic acceleration
dynamic distribution coefficient in the dam body causes an increase in the critical value of safety
factor of the dam slope.
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Fig.1 Seismic coefficients of earth-rock dams
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Table 1 Geometric parameters of the four dams

I /m WG/ m WK 5L/ m
40 8 156
100 12 382
150 16 571
250 20 945
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Fig.2 Cross-section of the dam model
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Table 2 Physical parameters of the materials

Mok r K K. n Ry

m C @ Ko k1 ni

il 19.95 1491 22365 0.241  0.719
it 2156 388 582 0.311  0.755

0.101 0 54.37 0.5 24.56 0.6
0.257 0.02 24.43 0.5 15.87 0.322
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Table 3 Seismic acceleration distribution

2/H 0g 0.1g 0.2g 04g 0.6g 0.8g 1.0g
40 m K 0.53  0.50 0.42  0.32 0.29 0.22 0.20
100 m K# 0.46 0.41 0.32 0.26 0.25 0.22 0.20
150 m KM 0.36 0.31 0.21 0.19 0.18 0.19 0.20
250 m KM 0.36 0.24 0.19 0.15 0.15 0.14 0.20
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Fig.3 Seismic coefficients of high earth-rock dams
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Fig.4 Cross-section of the Nuozhadu dam
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Table 4 Calculation results of the Nuozhadu dam

z/H 0 0.1 0.2 0.4 0.6 0.8 1.0
al/g 0.38 0.25 0.19 0.20 0.21 0.20 0.20
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Fig.5 The modified D-P yield surface on the deviatoric plane
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Table 5 Transformation relation of different yield criteria
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Fig.6 Different yield surfaces on the deviatoric plane
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Table 6 The critical safety factor
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Fig.7 Position of critical slip surface
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