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Abstract

To evaluate the long-term service performance of geogrid-reinforced steep embankment slopes in
high-altitude mountainous areas of Xinjiang under seasonal freeze-thaw cycles and intense evapo-
ration conditions, this study, based on a steep reinforced slope section of the G0711 Expressway
project, conducted one year of in-situ monitoring (August 2023 - July 2024) on a typical cross-sec-
tion. Flexible displacement gauges, earth pressure cells, and temperature-humidity sensors were
deployed. Monitoring encompassed the spatiotemporal evolution of the temperature field, humid-
ity distribution patterns, earth pressure redistribution, and geogrid strain response. The results
indicate: (1) The temperature field exhibits significant horizontal gradients and vertical attenua-
tion characteristics; temperature hysteresis becomes increasingly pronounced with depth into the
reinforced slope. (2) The humidity field is dominated by evaporation, with severe desiccation oc-
curring on the slope surface. Prolonged drought conditions lead to unidirectional moisture migra-
tion, while the internal moisture buffering capacity is limited. (3) Earth pressure near the slope face
is significantly lower than thatin the interior due to settlement deformation and soil arching effects.
In non-frost heave zones, earth pressure decreases in winter but increases during the rainy season
due to enhanced compaction. (4) Geogrid strain exhibits a cyclic pattern of “winter increase and
summer decrease,” with strain near the slope face being higher than in the interior. The monitoring
of reinforced steep slopes in high-altitude mountainous areas provides theoretical and practical
references for the design of road embankments in cold regions.
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Figure 1. Layout of monitoring elements (Unit: m)

B 1. SN EaEREEAM: m)

A FE A A N T R TR BR TS B B AR AR AR, BLAR A - TR AR
& 73 CA R B AR AR I3 A R IR R AR A . AR R BAE Bk 13 .

Table 1. Information on earth pressure cell sensors

* 1. IENERBRHEREEE

F1Ems t-1.1 t-1.2 t-1.3 t-1.4 t-1.5
Bl 1 2 3 4 5
PRI T KPRE 3 6 9 12 15
2/ Mpa 350 350 700 700 700
FE ZHU/KPa/digit -0.1674 -0.1192 -0.1277 -0.1613 -0.1936
IRIE R HUkPa/C 0.0286 —0.148 —0.1388 0.06633 —0.1346
22T t-2.1 t-2.2 t-2.3 t-2.4 t-2.5
pliibE] 6 7 8 9 10
PRARTH 7K T BE 3 6 9 12 15
£/ Mpa 350 350 700 700 700
HE ZAU/KPa/digit -0.1155 -0.1143 -0.1993 -0.1878 -0.1621
i JE R ¥U/kPa/C -0.07829 -0.1121 —0.1349 —0.1662 0.07982
F3 RS t-3.1 t-3.2 t-3.3 t-3.4 t-3.5
Bl 11 12 13 14 15
PR T KPBE B8 3 6 9 12 15
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&2/ Mpa 350 350 700 700 700
¢ R HUkPa/digit -0.1175 -0.1143 -0.1137 —0.1108 -0.115
IR & HU/kPa/C —0.1117 —0.1049 —0.1135 —0.1744 —0.1716
Table 2. Information on temperature and humidity sensors
* 2. RBARRERK
F1ERS w-1.1 ws-1.2 w-1.3 w-1.4
plibIc] 1 2 3 4
PR T K- BE B /m 1 2 3 6
B2 RS w-2.1 w-2.2 w-2.3 w-2.4
plibIc] 7 8 9 10
PRI K P B /m 1 2 3 6
B3RS w-3.1 w-3.2 w-3.3 w-3.4
Bl 13 14 15 16
PRI K F- B 2 /m 1 2 3 6
B4R w-4.1 w-4.2 w-4.3 w-4.4
Bl 17 18 19 20
PRI 7K FEE B5/m 1 2 3 6
Table 3. Information on flexible displacement meters
3. ZHABIHEER
F1EwT r-1.1 r-1.4 r-1.2 r-1.3
plibLC] 1 2 3 4
BRI 7K P B S /m 3 6 9 12
52 RS r-2.1 r-2.2 r-2.3 r-2.4
i E 5 6 7 8
BRI 7K P B S /m 3 6 9 12
H3EmS r-3.1 r-3.2 r-3.3 r-3.4
plibLc] 9 10 11 12
BRI 7K 2 5 /m 3 6 9 12
54 BT r-4.1 r-4.2 r-4.3 r-4.4
pliibC] 13 14 15 16
BRI /K 2 5 /m 3 6 9 12
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Figure 2. Temperature variation at different horizontal distances from the slope face
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Figure 3. Temperature variation at different depths from the slope crest
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Figure 4. Humidity variation at different horizontal distances from the slope face
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Figure S. Distribution of annual rainfall
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Figure 6. Earth pressure variation at different horizontal distances from the slope face
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Figure 7. Geogrid strain variation at different horizontal distances from the slope face
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