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Fig. 1 Frost damage of reservoir dams in cold regions
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Fig. 5 Frost damage risk analysis process of reservoir dam

based on T-S fuzzy fault tree
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Fig. 6 Frost damage T-S fuzzy fault tree of reservoir
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Fig. 7 T-S fuzzy fault tree of dam uneven deformation
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Table 2 The fault event name of dam leakage intensifies

s FFA TR 5 FE# TR (%= FEA R
Y, LA i Yy, UKIFEAE TR X SV A= kT
Y AR A B A Y, B i b TR B X5 HZHIA R
Y, NHRE K Y HIZPIBTEREA AL Xy LR
Y, 323 5 SIAE ] X, TAAR i S0 = R A A X VKIZ SRR A TR
Y, T T RE AN 2 R X NERSY AR (R 1] X, JEEAKAL BT
Yis bt QL (B X, S5 URR AT Xy By i A R B T AN 2
Yy B 2 AL X [EREGRIN S ey X5 itz E i e i
Y, PHETEWIR IS X, IS E AN Xy BRI A G
Y BRI X, W3 X, 2 RN FIEUPN
Y5 B & 2 A B i X Bj 5 2 s TR AN X RG]
Y, VRIAE AT X RGRAE T

2.2 T-SHERAITHMFREX

BT, Y, Y, Yy 80 2 2 0 B2 3 B
(0, ) fid, Horp 0 R TE F R & B 1 Fonil
B &L SR B RS BN 5=5,=0. 25 ,m=m =
0.5 FoAth = iy ke s 2 B PSS RT %0, 0. 5, 1) >k
R, 8 RS % N s =5,=0. 1,m=m,=0.3, %
ST R T-S ASR TR G 3 4~5 TR, B Ak i TR R
B JE A H 1T 32 511 44 0000 2, A ASER 1T Y
S DA

3 BT T-S A& 89 ] XK B X HUK
&= XU 53 1

FEWEMREFEEZESH
Oh T RE T DX KPR R A R Y O B B
PER, Rz 8 A A XRS5 DR o T A R
AEARYE , AT 1. 3 75 52 A R R A O 0 UK
JE RN e A R ) = AT G AR By )
T IS T T -5 v B R R 0 S AT AU
Vag i

3.1



170 K I

7 + 45 3%

B8 M T fin e T-S AEM0 i ey

Fig. 8 T-S fuzzy fault tree of dam leakage intensifies
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Table 3 The fault event name of panel freeze damage
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Fig. 9 T-S fuzzy fault tree of panel freeze damage
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Fig. 10 Influence of each bottom event on the fuzzy

probability of top event for dam uneven deformation
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Fig. 11 Influence of each bottom event on the fuzzy
probability of top event for dam leakage intensifies
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Fig. 12 Influence of each bottom event on the fuzzy
probability of top event for panel freeze damage
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Fig. 13 Force analysis of concrete panel of reservoir dam
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Table 7 Comparison table of frost heave force and frost
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Table 8 The numerical value of the fault degree of the bottom event
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Table 9 Membership of fault degree of bottom event in Y,
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Fig. 14 Deformation and failure phenomenon of bank

slopes in the Hongqipao Reservoir dam
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Abstract: Dams are important infrastructure with specific functions in reservoirs, widely used for flood control,
irrigation, water supply, sediment control, improving ecological environment and solving uneven distribution of
water resources, etc. More than 87 000 dams have been built in China in the last decade, of which more than
60% are located in cold regions. Due to the complex operating environment, reservoir dams in cold regions face
the problems of frequent freezing disasters and many disaster-causing factors. Those problems seriously affect
the normal operation of dams, increase the security risk and add the cost of renovation and maintenance. In or-
der to effectively prevent the occurrence of dam frost damage and improve the level of dam risk management, a
frost damage risk analysis method of reservoir dam in cold regions based on T-S fuzzy fault tree theory was pro-
posed. The T-S fuzzy fault tree uses fuzzy numbers to describe the degree of failure and the probability of failure
and replace the logic gates in the traditional fault tree with T-S fuzzy gates. The method not only can systemati-
cally sort out the dam frost damage failure events and perform reliability and safety calculations by logical deduc-
tion, but also takes into account the uncertainty and fuzziness of the probability of failure and solving the prob-
lem of the traditional fault tree based on the two-state assumption and relying on a large amount of failure proba-
bility data. In this paper, a T-S fuzzy fault tree was established with dam uneven deformation, dam leakage in-
tensification, and panel frost damage as subordinate events. Then the main risk factors were analyzed by calcu-
lating the importance of the bottom event. At the same time, in order to exclude to the interference of subjective
factors on the evaluation results of specific engineering risks, this paper tries to combine mechanical calculation
and risk analysis to evaluate the actual engineering. The method combines frost swelling mechanics analysis and
T-S fuzzy fault tree to calculate and analyze the risk of frost damage faced by the dam in Hongqipao Reservoir.
Firstly, the relevant theories and methods of engineering mechanics and permafrost mechanics were used to ana-
lyze the frost damage problem faced by the dam in Hongqipao Reservoir. Then the calculation results were trans-
formed into the bottom event fault degree substituted into the T-S fuzzy fault tree. Finally, the fuzzy possibility
of the top event of frost risk was calculated and analyzed by the frost risk analysis process established in this pa-
per. The study found that in the process of freezing risk control and decision making of reservoir dams in cold re-
gions, the focus should be on repeated freezing-thawing action, wind and wave erosion, water level fluctuation
and ice accumulation in the reservoir area, quality defects of the panel and dam filling, and insufficient anti-seep-
age and thermal insulation measures. It was also found that the frost damage risk of the dam in Hongqipao Reser-
voir is relatively high, and extra attention should be paid to the control and treatment of frost damage risk during
operation and maintenance, and frost damage risk identification and maintenance based on the results of the im-
portance of each bottom event analysis. The results of application show that the proposed method can scientifical-
ly analyze the risk of dam freezing damage and determine the key risk factors. This work can provide technical
support for the risk identification, management and decision-making of freezing damage to reservoir dams in
cold regions, and further it is useful for the design, construction, operation, maintenance and frost damage pre-
vention of reservoir dam.

Key words: reservoir dam in cold region; frost damage risk; T-S fuzzy fault tree; importance; mechanical

analysis
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