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Figure 1 Plan view of the GYBEH slope failure area (a),
panoramic site view (b) and partial site view (c)
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Table 1 GYBEH slope Attitude and bonding degree of hard
structural planes
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Figure 3 Electrical survey results of the GYBEH slope, showing (a) actual electrical measurement maps and (b) proposed cave distribution maps
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Figure S Rock stratum diagram of the original slope
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Table 2 Mechanical parameters of the geotechnical layers for the
GYBEH slope engineering project
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Figure 6 GYBEH slope Stereographic projection diagram
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Table 3 GYBEH slope evaluation table for slope stability analysis
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Table 5 GYBEH slope Analysis table of slope collapse causes
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Figure 7 Elevation view (a) and plan view (b) of the GYBEH slope support system
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Figure 8 Results of GYBEH slope stabilization work
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Abstract: Municipal slopes in karst areas have become a key bottleneck restricting urban development due to the development
of karst caves, dense joints, obvious dissolution and outstanding stability problems. Slope collapse poses a serious threat to
municipal facilities and public safety, so it is urgent to find out the causes of the collapse and put forward a scientific treatment
plan. This study takes a municipal road slope in karst area as the object, aiming at revealing its instability mechanism and
establishing a support design paradigm driven by karst geological parameters.

Ground penetrating radar and borehole panoramic imager are used to carry out fine survey. The detection range extends 10-20
m from the collapse area with a height of 7.8 m and a width of 4.6 m, the distance between survey lines is 20-30 m, and the
drilling depth of control points is not less than 5 m below the potential sliding surface. On this basis, the stereographic
projection method is used for qualitative evaluation, supplemented by plane sliding method, wedge failure method and FLAC3D
joint model for quantitative calculation, and the mechanical parameters of rock mass are comprehensively determined (FRK=
40.7MPa). Based on this, the comprehensive treatment scheme of "sliding body removal + @25 anchor reinforcement (length 9~
12 m, spacing calculated by S=1.2 (FRK)™®) + C30 concrete panel + stereo drainage system (spacing 2m drainage holes)" is put
forward.

The research results show that the causes of collapse can be summarized in three aspects: (1) geological factors-rock mass
fragmentation, with four groups of structural planes; (2) External load-the overload of surrounding buildings exceeds the bearing
capacity of the original support; (3) Influence of rainfall, the cohesion decreases by 40% (from 23 kPa to 13.8 kPa). In terms of
investigation, the ground penetrating radar accurately measured the collapse depth of 6.8~7.2m, and the borehole panoramic
imager effectively revealed the spatial distribution of argillaceous interlayer. In terms of design, the calculation model of anchor
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spacing optimizes the theoretical spacing from 7.6m to 2.0m actually adopted. After treatment, the stability of the slope is
improved from unstable state to stable state.

(1) An integrated investigation system (GPR, borehole televiewer, drilling, and stereographic projection) was established for
karst slopes, identifying a 6.8—7.2 m collapse depth, a 3.2—3.6 m weak interlayer as the critical slip surface, and four steep
joint sets causing wedge failures. (2) The collapse was triggered by rainfall reducing interlayer cohesion by 40% and increasing
pore pressure, compounded by surrounding building loads. Based on rock strength (FRK=40.7 MPa), an anchor spacing model
was developed (theoretical 7.6 m, optimized to 2.0 m). (3) The implemented treatment measures, including debris removal, ¢25
anchors, a C30 concrete panel and 2 m-spaced drainage holes, reduced pore water pressure by 35% and achieved full slope
stability with no further deformation observed. Future work should establish a multi-source automated monitoring system to
enable real-time risk warning.

Keywords: Karst geomorphology; municipal rock slope; slope collapse; comprehensive geophysical prospecting investigation;
slope stability; bolt support; drainage treatment



