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Assessment of cooling effect of the crushed rock embankment based on
catastrophe progression method

ZHAO Hongting' > WU Qingbai' ZHANG Zhonggiong' HOU Yandong’
(1. State Key Laboratory of Frozen Soil Engineering Northwest Institute of Eco-Environment and Resources  Chinese Academy of
Sciences Lanzhou Gansu 730000 China 2. University of Chinese Academy of Sciences Beijing 100049 China 3. Key Laboratory
of Disaster Prevention and Mitigation in Civil Engineering of Gansu Province Lanzhou University of Technology
Lanzhou Gansu 730050 China)

Abstract In order to comprehensively assess the cooling effect of the crushed rock embankment on permafrost

different embankments such as the open-system crushed rock thickened revetment the closed-system crushed rock
revetment the open-system and closed-system crushed rock basement and the U-shaped crushed rock
embankments in the Beiluhe test section of the Qinghai—Tibet Railway were investigated. Selecting thirteen
factors as the bottom evaluation indices from internal and external factors of permafrost the cooling effect of the
crushed rock embankment was evaluated by catastrophe progression method and a comprehensive evaluation
model which consists of four hierarchical structures was proposed. The results show that the evaluation results are
basically line with the measured results and the calculated results can accurately reflect the strength of the cooling

effect of the crushed rock embankment. The thickened revetment of the crushed rock slope is susceptible to the
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thermal disturbance of the engineering at the initial operation period of the engineering measures and presents a
weak cooling effect. When the change of the ground temperature reaches a relatively stable state the cooling
effect shows different due to the different cooling mechanisms of different crushed rock embankments. The
U-shaped crushed rock embankment with an evaluation value more than 0.97 has strongest cooling effect in turn
followed by the open-system crushed rock basement embankment the closed-system crushed rock basement
embankment the crushed rock thickened revetment and the closed-system crushed rock revetment.

Key words subgrade engineering crushed rock embankment assessment of cooling effect catastrophe

progression method
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Fig.3 Assessment indicator system for the cooling effect of crushed rock embankment
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1
Table 1 Classification of the cooling effect of crushed rock embankment
0.00 0.52 0.52 0.68 0.68 0.81 0.81 091 091 1.00
2
Table 2 Dimensionless evaluation indicators
A Az Az Aiia A Az Az Aisz Az Aoy Aoz Azis A
0.00 0.00 0.00 0.00 0.00 0.10 0.11 0.00 1.00 0.15 0.33 0.00 0.00
0.08 0.00 0.07 0.10 0.25 0.15 0.02 1.00 0.50 0.00 0.00 0.00 0.17
1 U 0.00 0.55 0.25 0.03 0.76 0.00 0.00 0.00 0.00 1.00 1.00 1.00 0.96
0.00 0.50 0.25 0.06 0.91 0.08 0.00 0.00 0.00 0.80 0.33 0.50 0.81
0.00 0.19 0.12 0.07 1.00 0.07 0.00 0.00 0.00 0.80 0.33 0.50 0.14
0.00 0.09 0.15 0.15 0.18 0.90 0.70 0.00 0.00 0.15 0.33 0.00 0.23
0.16 0.03 0.08 0.12 0.26 0.38 0.13 0.00 0.00 0.00 0.00 0.00 0.13
7 U 0.85 0.95 0.96 091 0.72 0.80 0.66 0.25 0.00 1.00 1.00 1.00 0.93
0.86 0.86 0.85 0.84 0.63 0.75 0.44 0.00 0.00 0.80 0.33 0.50 0.79
0.45 0.44 0.44 0.42 0.68 0.83 0.00 0.00 0.00 0.80 0.33 0.50 0.35
0.03 0.10 0.16 0.16 0.24 0.95 0.38 0.00 0.00 0.15 0.33 0.00 0.30
0.20 0.05 0.09 0.13 0.20 0.92 0.03 0.00 0.00 0.00 0.00 0.00 0.20
8 U 0.93 1.00 1.00 0.96 0.61 0.90 0.41 0.50 0.00 1.00 1.00 1.00 0.93
0.94 0.88 0.87 0.86 0.59 0.96 0.05 0.00 0.00 0.80 0.33 0.50 0.73
0.49 0.41 0.42 0.43 0.59 0.84 0.00 0.00 0.00 0.80 0.33 0.50 0.35
0.05 0.12 0.17 0.17 0.27 0.92 0.48 0.00 0.00 0.15 0.33 0.00 0.28
0.24 0.08 0.12 0.14 0.36 0.68 0.05 0.00 0.00 0.00 0.00 0.00 0.19
9 U 1.00 0.94 0.99 1.00 0.70 0.77 0.39 0.00 0.00 1.00 1.00 1.00 0.95
0.99 0.83 0.85 0.87 0.65 0.93 0.48 0.00 0.00 0.80 0.33 0.50 0.76
0.52 0.37 0.40 0.42 0.61 0.67 0.00 0.00 0.00 0.80 0.33 0.50 0.35
3
Table 3 Calculated results of the cooling effect of crushed
rock embankment U
U
0.86
1 0.261 0.749 0.867 0.908 0.866
7 0.750 0.731 0.978 0.947 0.910
8 0.768 0.745 0.975 0.940 0.906 6
9 0.771 0.757 0.971 0.949 0.905
1 0.75 0.77
0.73 0.76
0.261

5m
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