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Table 1 Statistical table of measured settlement results

B AT B LK Y/ mm LR i bR fE 25/ mm
[f]/a 372-1 372-2  372-3  372-1 372-2 372-3
5.0 22.43 28.74 26.59 16.66 20.48 20.33

39.5 106.92 130.04 132.31 70.52 84.08 86.70
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Table 2 Fuzzy risk interval of cracking failure after

five years of operation

K o T LR AR XL 2 X [A]
0 [4.19%,9.55% ]
0.1 [4.37%,9.23% ]
0.2 [4.58%,8.91% |
0.3 [4.78%,8.57%]
0.4 [5.01%,8.22% ]
0.5 [5.23%,7.91%]
0.6 [5.48%,7.61%)]
0.7 [5.71%,7.32% ]
0.8 [5.95%,7.05% ]
0.9 [6.22%,6.77% ]
1.0 [6.48% ,6.48% ]
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Figure 1 Fuzzy risk rate under different cut set levels
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Table 3 Statistical table of calculation results of

cracking failure risk rate
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Risk Analysis of Cracking Failure of Earth-rock Dam Based on Fuzzy Set Theory

LI Zongkun]'2 , SONG Ziyuan] , GE Wei'?, WANG Te', ZHANG Zhaosheng4

(1.School of Water Conservancy Engineering, Zhengzhou University, Zhengzhou 450001, China; 2.School of Software, Zheng-
zhou University, Zhengzhou 450002, China; 3.Faculty of Technology, Policy and Management, Delft University of Technology,
Delft 2628 BX, the Netherlands; 4.Henan Qianping Reservoir Construction Administration, Zhengzhou 450003, China)

Abstract: Only the randomness of variables was considered in the traditional reliability analysis for crack re-
sistance of earth-rock dam. By introducing fuzzy set theory, the randomness and fuzziness of soil strain parame-
ters and the fuzziness of failure criterion were considered comprehensively to establish the risk assessment mod-
el of cracking failure of earth-rock dam. Furthermore, the Monte Carlo simulation method was used to solve the
upper and lower limits of fuzzy risk probability based on the interval numbers which were transferred from the
fuzzy parameters by the level cut set. The model was applied to the cracking risk analysis of Maojianshan reser-
voir dam. When the level cut set « =0.5, the fuzzy risk intervals of cracking failure for 5 and 39.5 years of
dam operation were [ 5.23%, 7.91% ] and [28.91%, 32.49% ], respectively. Compared with the conclu-
sions based on the traditional risk determination, the result showed that the conclusions based on the fuzzy risk
interval were closed to the actual situation of dam cracking, which could provide reference and basis for dam
structure safety assessment and management.

Key words: earth-rock dam; cracking failure; tension crack; fuzzy set theory; Monte Carlo method



