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Analysis of global safety degree of arch dam based on catastrophe theory

WANG Shaowei' XIA Hui’ CUI Yingjie' REN Jiao'
1. College of Water Conservancy and Hydropower Engineering  Hohai University ~Nanjing 210098  China
2. Jiangsu Surveying and Design Institute of Water Resources Co. Lid. Yangzhou 225009  China

Abstract The cusp catastrophe theory was introduced to the evaluation of the global safety of a system of an arch dam

and its foundation and the relevant instability criterion which was used to represent the system’ s state of stability

through quantitative calculation was established. Based on the displacement field of a RCC arch dam simulated by a

three-dimensional nonlinear FEM model the global safety degree of this arch dam was 3.5 according to the instability

criterion of the cusp catastrophe model of displacement and the evaluation result was in agreement with the transfixion

criterion of the plastic yield area.
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Fig. 1 Schematic map of cusp catastrophe model
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Fig. 2 Meshes of integral 3D model and main structural planes
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Table 1 Physico-mechanical parameters of dam and foundation

E/GPa v o/ kg m™3 ¢/MPa o/ °
20.0 0.167 2400 2.46 53.0
6.0 0.260 2750 1.00 47.7
0.6 0.280 2600 0.15 19.3
3.2
H 1274.50 m

1264.50m 1254.50m 1244.50m 1234.50m 1224.50m

0.25 k 4.0 -
3.2~3.5 E=3.0 0.1
k 3.9 9 k 3 4
TH12430m — A-123430m < 4125430 THE12A0m = E123450m - HE122450 m
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Fig. 3 Relationship between displacement of typical Fig. 4 Relationship between displacement of typical
points in flow direction and overload coefficient points in vertical direction and overload coefficient
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Table 2 A values of typical points in cusp catastrophe model
A /107"

/m k=32 k=3.3 k=3.4 k=3.5 k=3.6
1274.50 1.8 15 299 8 -5.8
1264.50 1.6 14 130 12 -2.1
1254.50 1.3 13 124 12 -3.1
1244.50 1.1 12 113 13 -2.6
1234.50 1.7 13 121 15 -0.5
1224.50 3.8 17 141 22 4.4
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