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Abstract

To evaluate the stability of high and steep reinforced embankment slopes in seasonal freeze-thaw
environments within Xinjiang’s high-altitude mountainous areas, this study employed a combined
method of deep-hole displacement monitoring and a slope-surface total station stereoscopic moni-
toring network. The research was conducted on the high-steep fill embankment at sections K24 +
270~K24 + 928 of the G0711 Urumgqi-Yuli Expressway (maximum slope height: 28.06 m). The study
systematically analyzed and revealed the dynamic deformation patterns of the slope. Monitoring re-
sults indicate: (1) Slope deformation exhibits significant depth-dependent variation, with a peak daily
displacement of 15.68 mm observed at a depth of 10 m; deformation in the shoulder area is primarily
deep consolidation at 22~24 m depth (maximum deformation: 1.10 mm). (2) The 6~10 m shallow layer
and 10~14 m middle layer constitute displacement concentration zones, accounting for 35%~40% of
the total deformation within the monitored profile, and represent potential sliding surface develop-
ment areas. (3) Rainfall events (e.g., May 21st) significantly exacerbated localized deformation; a sin-
gle settlement surge of 37.9 mm occurred in section K24 + 410~K24 + 470, with the displacement rate
sharply increasing from 0.71 mm/d to 10.27 mm/d. (4) The protective structure effectively improved
the stress distribution state within the slope body. Earth pressure data show that the slope stress
state rapidly stabilized after the protective structure was implemented, the overall slope displace-
ment-time curve exhibited a convergent trend, and no continuous deep sliding surface formed. The
study demonstrates that the current protection scheme can maintain slope stability, but local insta-
bility risks persist under extreme conditions. It is recommended to intensify monitoring during the
rainy season in the operational phase and enhance early warning for deformation concentration
Zones.
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Figure 1. Installation of monitoring lines
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Figure 2. Schematic diagram of deep displacement monitoring
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Figure 3. Schematic diagram of deep-hole monitoring point layout
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Figure 4. Displacement time-history curves at different depths for deep-hole
monitoring point 1# at K24 + 280 (Median Strip)
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Figure 5. Displacement time-history curves at different depths for deep-hole
monitoring point 2# at K24 + 700 (Median Strip)
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Figure 6. Field verification of deep-hole monitoring point 2# (Median Strip)
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Figure 7. Deep displacement 1 (Median Strip)
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Figure 8. Deep displacement 3 (Shoulder)
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