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Tab.1 Mix ratio of concrete sample (unit: kg/m*)

IK KR TR 5~20mm £ T 20~40mm £ T w ek 7K 71 535

93 97 97 525 788 725 1.75 0.19
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Fig. 1 Ultraviolet-irradiated concrete Fig. 2 Freeze-thaw testing machine
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Tab. 2 Summary of test conditions

T EAMRIRS A FREE B BN IR BTG PR XUR 2 C

1 0 XK 0K 0 K+0&
2 60 K 25 K 60 K+25 Ik
3 120 K 50 120 R+50 &
4 180 K 75 & 180 K+75 ¥k
5 240 F 100 % 240 K +100 ¥
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Fig. 3 The apparent change of concrete before and after ultraviolet irradiation
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Fig.4 The apparent change of concrete before and after the freeze-thaw cycle
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Fig.5 The apparent change of concrete before and after dual factors
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Fig. 6 Difference of concrete quality change
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Tab. 3 Peak strength of concrete test block (unit: MPa)

T SHME A REER B SIMRARRAEE C

1 30. 93 32.05 32.29
2 28.77 29.37 29. 34
3 28.69 26.56 26.27
4 28.67 22.78 22.44
5 28. 66 17.27 16.78
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Fig. 7 Concrete stress-strain curve
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Fig. 8 Finite element model diagram of high dam Fig. 9 Spectrum artificial seismic waves
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Fig. 10 Tensile damage cloud map of high dam
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Considering the effects of freeze-thaw and ultraviolet rays on the
seismic performance of concrete dams in cold regions

ZHANG Yu', ZHANG Xue', LI Huanghe's SONG Yechuan', WANG Mingming®

(1. Department of Civil Engineering and Architecture, Northeast Petroleum University, Daqing 163318, Heilongjiang, China;

2. Faculty of Electric Power Engineering, Kunming University of Science and Technology, Kunming 650500, Yunnan, China)

Abstract: In order to analyze the effects of freeze-thaw cycles and ultraviolet rays on the seismic
performance of concrete dams in cold regions, a dual-factor experimental study of the impact of dam
materials on the dynamic performance and analysis of the dynamic characteristics of high dams were
carried out. Based on the number of freeze-thaw cycles and ultraviolet radiation in cold areas, this
paper used an ultraviolet aging box and freeze-thaw cycle testing machine to simulate actual working
conditions, and obtained the law of ultraviolet radiation time and freeze-thaw cycle times and the
dynamic performance of concrete materials in cold areas. Based on the test results, the numerical
method was used to analyze the influence of dual factors on the dynamic damage of the dam. The
results show that: compared with the ideal environment, ultraviolet rays can reduce the compressive
strength and elastic modulus of concrete; compared with a single freeze-thaw cycle factor, the dual
factor of ultraviolet light and freeze-thaw cycle aggravates the deterioration of concrete; during strong
earthquakes, the effects of ultraviolet rays and freeze-thaw degradation increase the degree of damage
to the dam. The test results provide the reference for studying the influence of multiple factors on the
dynamic mechanical properties of high concrete dams, and the seismic design of dams in cold areas.

Keywords: cold area; concrete dam; ultraviolet light; freeze-thaw cycle; seismic performance



