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Tab. 1 Annual average monthly temperature and ground temperature in the dam site area
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Tab. 2 Working condition of calculation
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Tab.3 Thermodynamic parameters of medium and low heat cement concrete
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Fig. 5 Temperature stress field in January 2023
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Fig. 6 Temperature stress field in September 2024
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Fig. 7 Envelope diagram of maximum temperature stress
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Fig. 8 Different elevation temperature and temperature stress key point history curve
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Fig. 9 Mid-section temperature and temperature stress envelope diagram
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after the pouring temperature is relaxed
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point of temperature stress
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Temperature control and crack prevention scheme of low heat cement
concrete arch dam in high cold area

LI Wenwei', JIANG Minmin', XIANG Xin', OUYANG Jinhui', ZHOU Qiujing’
( 1. China Three Gorges Corporation, Beijing 100038, China;
2. China Institute of Water Resources and Hydropower Research, Beijing 100038, China )

Abstract: The frigid regions were characterized by low annual average temperatures and significant diurnal
temperature variations, which made it prone for dams to develop temperature cracks. The conventional high
concrete arch dams at that time utilized a mix of "moderate heat Portland cement with 35% Class I fly ash". Despite
achieving the then-current advanced level of temperature control measures, the safety factor for concrete crack
resistance remained at approximately 1.8. Consequently, it was imperative to conduct research on temperature
control and crack prevention, starting from the very source of the materials. With the concrete double-curvature arch
dam of a hydropower station in Xizang as its research backdrop, low-heat cement concrete was chosen as the dam-
building material. By reducing the temperature rise from the source of the material, it aimed to further mitigate the
risk of cracking.

Drawing upon the theories of unstable temperature and stress field calculations, a comparative analysis of the
temperature and stress fields between moderate-heat and low-heat cement concrete arch dams was conducted,
highlighting the advantages of using low-heat cement concrete for dam construction. Following this, it optimized
and compared various temperature control measures for low-heat cement concrete arch dams, ultimately formulating
a tailored temperature control and crack prevention strategy suitable for frigid regions.

The results indicated that the maximum temperature of the low-heat cement concrete arch dam was

approximately 4.0°C lower than that of the medium-heat cement concrete dam, and the maximum stress was reduced
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by about 0.7 MPa. Moreover, the safety factor was elevated from 2.48 to 3.65. For low-heat cement concrete arch
dams, the spacing of water cooling pipes in the constrained zone could be relaxed to 1.5 mx1.5 m, and the thickness
of the pouring layer in the strongly constrained zone could be increased from 1.5 m to 3.0 m. The water flow
measures on the dam surface could be eliminated, and the pouring temperature in summer could be relaxed to 16.0 °C,
allowing for normal temperature pouring in winter. Outside the constrained zone, during the high-temperature
season from May to September, the pouring temperature could be appropriately increased to 18.0 °C. The thickness
of the layer had a minor impact on the maximum temperature and stress of the dam, permitting an extension to 6 m.
The dam adopted permanent thermal insulation throughout the year, with a equivalent heat release coefficient of § <
3.05 kJ/(m’sh+ °C). These research outcomes validated the superiority of low-heat cement concrete arch dams in
crack resistance and provided optimized temperature control measures for frigid regions. They facilitated rapid dam
construction while further reducing temperature control and construction costs, offering technical guidance for the

application of low-heat cement in frigid regions.

Key words: low heat cement; arched concrete dam; temperature field; field of stress; crack prevention scheme

(EE% 966 W)

monitoring and inspection frequency, adjusting equipment operation, and even shutting down for maintenance, to
avoid accidents and ensure the safety of equipment and personnel.

By comparing the predictive performance of the proposed method with single task learning and the model
without attention mechanism, it can be concluded that: Compared with traditional static PCA model prediction
methods, the multi-task learning model can fully utilize the common features of historical data to predict changes in
unit parameters, fully consider the correlation between different tasks, and improve the robustness of the prediction
model. The introduction of attention mechanism enables the model to dynamically adjust the mapping weights based
on the characteristics of unit operating parameters in new time periods, further improving the stability of the model
and the accuracy of prediction. The results have important application value for safety monitoring and intelligent
warning of pump unit operation in pumping stations.

Key words: trend prediction; water pump unit; multi-task learning; attention mechanism; condition monitoring;

multilevel early warning
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