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Table 1  Air temperatures in the study area from 2015 to 2018

Gy AEEIREEC BORIRRC BOmEIRC BREREUd BRERRRU(C-d) A RBud  BEEERU(C-d) dRRlE S
2015 -5.6 -25.3 13.6 251 2458.2 114 420.9 5.8
2016 -5.1 -25.3 13.6 247 2460.9 119 618.7 3.9
2017 -5.3 -23.4 13.6 241 2432.4 124 502.9 4.8
2018 -5.7 -23.4 10.2 247 2610. 1 118 549. 6 4.8
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temperature holes at the study area (a) ; surface conditions at the study area (b)
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Table 3 Annual average temperature increase rate and correlation coefficient at different depths

e SH L
-0.5 -1.5 -2.5 -5 -10 -15
- HE R/ (Cra™) 0.048 0. 046 0. 053 0.048 0. 030 0.016
R 0.13 0.24 0. 47 0.67 0.97 0.98
25, Hik R/ (Cra™) 0. 108 0. 097 0. 083 0. 058 0.03 0.015
R 0.53 0.74 0.76 0. 86 0. 94 0.98
57, Hk R/ (Cra™) 0. 108 0. 091 0.078 0. 052 0.025 0.012
R 0. 44 0.52 0. 54 0.72 0.89 0. 96
157, HER/(Cra™) 0.135 0. 095 0.072 0.048 0.021 0. 009
R 0.53 0.52 0. 49 0. 65 0. 83 0.93
551, MR/ (Cra™) 0. 042 0.038 0. 040 0. 036 0.014 0. 007
R 0.37 0.39 0.42 0.57 0.70 0.79
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Table 4 Result of the ANOVA analysis

AR SHK-4HK 5HK-3HK 5HK-2HK 5HK-1HK
-0.5

-1.0 + +

-1.5 + +

-2.0 ++ + +

-2.5 ++ ++ +

-3.0 + +++ +++ ++
-5.0 ++ +++ +++ +++
-10.0 +++ +++ +++ +++
-15.0 +++ +++ +++ +++

e + B ZEEKE PAEO0.05~0. 01 Z[f]; ++32R PAE0. 01~
0.005 Z[]; +++3K77 P/NT 0. 005,
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Long-term effects of embankment engineering behaviors on
cold permafrost in high-altitude permafrost regions

FAN Xingwen'?, LIN Zhanju', LUO Jing', LIU Minghao', YIN Guo’an', GAO Zeyong'
(1. State Key Laboratory of Frozen Soil Engineering , Northwest Institute of Eco-Environment and Resources, Chinese Academy of
Sciences, Lanzhou 730000, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The Qinghai-Tibet Railway (QTP) embankment was constructed based on the method of active cool-
ing embankment. At present, the railway has been safely operating for more than 10 years. The subgrade of
QTP is built on the permafrost, and temperature change of the permafrost under the subgrade is a key factor in
measuring the stability of the subgrade. Based on the long-term (2008—2019) observation, the permafrost table
and the annual ground temperature in five boreholes which were drilled within 30 m range to the slope foot mile-
age K980+000 was analyzed. Inter-annual ground temperature changes and seasonal temperature changes were
analyzed and the long-term effects of engineering behavior on cold permafrost were examined. The results show
that the permafrost temperature has been increasing and permafrost table has been decreasing. Compared with
the natural hole, the ground temperature of the borehole at the foot of the slope is less increased by the cooling ef-
fect of the roadbed. The cold season and the warm season are asymmetrical. Due to the consideration of the pro-
tection of permafrost and the stability of the project, the roadbed should be built with the idea of cooling roadbed
as much as possible, so that the ground temperature at the foot of the roadbed slope is lower than the temperature
of the frozen soil under the natural state, but the roadbed of the frozen soil is generally warmed. The trend still
exists. At the same time, the monitoring of the subgrade should be strengthened, the stability of the subgrade af-
ter the long-term warming process should be analyzed, and the quantitative study on the change of the frozen soil
under the subgrade should be processed.

Key words: Qinghai-Tibet Railway ; cold permafrost; warming trend; embankment engineering impact
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