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Fig. 1 Earth-rock dam operation safety evaluation system
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Fig.2 AHP weight calculation flowchart
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Fig.3 Fundameutals of forward and reverse cloud generators
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Fig. 4 Error variation under different cloud droplet numbers
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Tab.3 Index parameter calculation results based on the
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Tab.4 Cloud eigenvalues of earth-rock dam indexes
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Fig. 8 Comparison of weights for different methods
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Comprehensive Evaluation of Operation Safety of Earth-rock Dams Based on
Weight Optimization-cloud Model
ZHANG Jianwei', WU Weitao', HOU Ge'", HUANG Jinlin®, WANG Bingpeng', LIU Hongze', HU Zixu'

(1.School of Water Conservancy, North China University of Water Resources and Electric Power, Zhengzhou 450046, China;
2.Guangdong Research Institute of Water Resources and Hydropower, Guangzhou 510635, China)
Abstract:

Objective The accuracy of comprehensive dam safety assessment remains critical to national economic development and the safety of people’s
lives and property downstream. This study addresses the distortion of evaluation results caused by overlapping information among evaluation in-
dices and the use of constant weights assigned manually in the comprehensive evaluation of the operational safety of earth and rock dams. An op-
timization weight approach is proposed to mitigate this issue.

Methods The initial weights of the indices were calculated using the analytic hierarchy process, and the connections among the indices were ana-
lyzed with the help of the decision-making trial and evaluation laboratory. The initial weights were then corrected based on the independence of
the indices from DEMATEL to reduce the effect of overlapping evaluation index information on the evaluation results. In addition, the safety state
of the dam was a dynamic process that changed over time, and the deterioration of the dam often presented as local damage in the early stages.
The use of constant weight can cause these disadvantageous indicators to be overshadowed by other advantageous indicators, thus failing to de-
tect local damage problems. Therefore, it is necessary to revise the weights of the indicators based on the variable weight theory. The weights of
the indicators were optimized based on their state values, resulting in an optimized weight that accounted for both the correlation of the indicators
and their state values, to address the uncertainty in the monitoring information and evaluation process, the cloud model was adopted to extract the
index characteristic values and carry out a comprehensive evaluation. The influence of the number of cloud drops on the comprehensive similarity
was explored to resolve the issue that the selection of the number of cloud drops was mainly subjectively determined by the decision-maker and

lacked a theoretical basis. The membership degree was calculated by generating different numbers of cloud droplets through the forward cloud
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generators, which were taken as the model solution under each number of cloud droplets. The expected value of the membership degree was de-
rived based on the normal distribution probability density function and was taken as the theoretical solution. It was found that in 20 random ex-
periments, the model solution consistently fluctuated around the theoretical solution under the same cloud droplet number. As the cloud droplet
number increased from 500 to 10 000, this fluctuation decreased and gradually converged to the theoretical solution, with the corresponding vari-
ance decreasing from 20.86 to 0.80. Taking 95% engineering accuracy as the measurement standard, it was found that among these 20 random ex-
periments, three experiments failed to satisfy the condition when the cloud droplet number was 2 000, and all experiments met the requirement
when the cloud droplet number was 5 000. Since the error did not change significantly when the number of cloud drops continued to increase,
5 000 was taken as the optimal number of cloud drops to balance computational efficiency and accuracy.

Results and Discussions The established evaluation model was applied to the earth and rock dam of the Helong Reservoir in Guangdong Prov-
ince. The results showed that the optimization weight reduced the weights of indicators that were easily influenced due to a certain degree of in-
formation overlap between these indicators and others. Based on this, the variable weight theory was further integrated, and the weights of the ad-
vantageous indicators were reduced to prevent the disadvantageous indicators from being overshadowed. Therefore, the role of disadvantageous
indicators in the evaluation was highlighted, and the operation status of the dam was reflected from a safer perspective. Most of the cloud drops
generated by the evaluation cloud of the Helong Reservoir fell between “safety” and “basically safety”. Combined with the results of the member-
ship degree calculation, the membership degree of the Helong Reservoir Dam to “safety” and “basically safety” was 32.5% and 16.3%, respec-
tively, and the evaluation result was determined to be “safety” by the principle of maximum similarity. Compared to the constant weights, the two
evaluation results were the same, but the affiliation degree of “safety” was reduced from 40.7% to 32.5%, which reflected the influence of the cor-
relation of the indicators and the state value of the indicators on the evaluation results. The method considers the correlation of the indices and the
influence of the measured indices on the weights. It combines with the cloud model to evaluate the operation state of earth and rock dams from
both quantitative and qualitative perspectives, which more realistically and effectively reflects the safety condition of the dams and provides a ref-
erence for the safety evaluation of the dam.

Conclusions The results indicated that this method is applicable to the comprehensive evaluation of the operational safety of earth and rock dams.
Fuzzy comprehensive evaluation and set pair analysis are utilized to compare the evaluation results with those of the proposed model to verify the
reliability of the proposed model. All of the evaluation models indicate a status of “safety”. The evaluation results are consistent and align with
the actual condition of the dam, confirming the accuracy and feasibility of the proposed model.

Key words: earth and rock dams; comprehensive evaluation; decision-making trial and evaluation laboratory; analytic hierarchy process; variable

weight theory; cloud model
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