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Abstract: Based on the slope project of Zhangbei—Shangyi Expressway, indoor tests were conducted to obtain
the mechanical parameters of rock and soil layers, variation law of shear strength of expansive soil with
different number of cycles in dry-wet-freeze-thaw conditions was studied, and variation characteristics of
mechanical parameters were revealed to deeply analyze the stability of expressway cutting slope excavation in
the condition of expansive soil in overlying rock layers in alpine regions. By adopting MIDAS/GTS (SRM)
software, the original slope excavation and support scheme of increasing the flattened down slope were
simulated, and the improvement scheme of reducing the load by eliminating the cubic meter and installing anti-
slide piles was put forward, with the stability compared and analyzed. The results show that increasing the cycle
number decreases the cohesion and angle of internal friction of expansive soil, with the first cycle having the
most prominent reduction effect. Additionally, the cohesion and angle of internal friction are no longer sensitive
after five cycles. The dry-wet-freeze-thaw and freeze-thaw effects have the greatest influence on the
degradation of cohesion and the angle of internal friction, respectively. Under the overlying rock layers of
expansive soil in alpine regions, the excavation unloading, degradation of expansive soil layers in contact with
water, and freeze-thaw-dry-wet-coupling effect are the main factors resulting in the reduction of mechanical

parameters of soil layers, prominent deformation of side slopes, and side slide collapse. Compared with the
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measures of slowing down the side slopes and reducing the load by eliminating the cubic meter, anti-slide piles

show the most significant effect on controlling the side slope displacement.

Keywords: slope project; stability; expansive soil; weak interlayer; dry-wet cycle; numerical simulation; anti-

slide pile; alpine region
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Figure 1 Current situation of slope excavation instability
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Figure 2 Groundwater condition of slope excavation
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Table 1 Physical and mechanical parameters of basalt
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Table 2 Physical property parameters of expansive soil
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20.8 1.62 49.0 0.961 30.8 0.13 44.5 24.8 2.3 8.0 0.28
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Table 3 Experimental results of expansive soil consolidation

Ehp/ RoEds WAEE FLBRIE JEEBLRE R4 R/
kPa J£/mm J/mm e E/MPa (MPa )
0.0 — 20.000 0.961 — —
50.0 0.213 19.787 0.940 4.697 0.418
100.0 0.356 19.644 0.926 6.984 0.281
200.0 0.605 19.395 0.902 8.042 0.244
400.0 1.035 18.965 0.860 9.293 0.211
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Table 4 Test scheme of three cycle modes
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Figure 3 Cohesion variation under different cycles
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Figure 4 Variation of angle of internal friction under

different cycles
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Figure 5 Surface area established by three-

dimensional model
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Figure 6 Three-dimensional model building steps
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Figure 7 Slope simulation scheme model
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Figure 8 Overall and typical profile slope displacement

for Scheme 1 (unit: m)
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Figure 9 Integral displacement contour
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Figure 10 Overall and typical profile slope displacement

for Scheme 2 (unit: cm)
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Figure 11 Overall and typical profile slope displacement

for Scheme 3 (unit: cm)
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Figure 12 Overall and typical profile slope displacement

for Scheme 4 (unit: m)
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Figure 13 Displacement of anti-slide piles for Scheme 4
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Figure 14 Maximum shear stress contour (unit: kPa)
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Figure 15 Equivalent stress contour (unit: kPa)
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