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Causes and mitigation measures of group-occurring slope
debris flows in Mentougou District, Beijing City

Li Huadong, Jiang Yongling
(China Geo-Engineering Corporation, Beijing 100093, China)
Abstract: [ Objective] The formation mechanisms of clustered slope debris flows in Mentougou District, Beijing
City, were analyzed in order to provide a theoretical basis for the prevention and control of this type of deloris
flow. [Methods] A multi-source data fusion approach combined with field verification was adopted. O Maxar
WorldView 0.3 m high-resolution remote sensing images were applied for the first time to identify the spatial
distribution, flow paths, and depositional characteristics of the group-occurring slope debris flows. @ UAV
oblique photogrammetry was used to obtain high-precision topographic data of typical disaster sites. [ Results] The
group-occurring slope debris flows in Wangping Village resulted from the triple coupling of ‘geological
environment basement-extreme rainfall-human engineering disturbance’. Geologically controlled by an anticline
structure, with slope gradients ranging from 19.49° to 36.54°, the ‘dual structure’ formed by residual-slope
deposits and bedrock provided material sources and sliding boundaries for the debris flows. Extreme rainfall

(cumulative rainfall =700 mm, maximum rainfall intensity of 111.8 mm/h) led to soil saturation and triggered the
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flows. Human engineering disturbances altered slope topography and reduced slope stability. The disasters were

concentrated along the anticlinal axis, characterized by small scale, high group occurrence, and strong

concealment. [Conclusion] An integrated model of ‘combining prevention and control, ecological-economic

synergy’ is proposed. @O Flexible barriers are deployed in the material source initiation areas and upstream of

protected objects (residential areas, railways) , saving 70% of the investment compared to traditional reinforced

concrete barrier dams. @ The application of geocells combined with grass planting measures in erosional gullies

saves 52% of costs compared to traditional stone masonry retaining walls and reduce soil loss by over 90%.

Keywords: group occurrence; slope debris flow; high—resolution remote sensing; flexible barriers; geocells
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Fig.2 Geological background map of study area
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Fig.3 Satellite images of study area before and after rainstorm
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Fig.4 Typical geological cross-section of typical slope
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Fig.5 Destroyed houses and railways by debris flows at Wangping village
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Table 1 Statistics of slope debris flows at Wangping village

¥ e rl/mo R /mo WK E/m /) P mma/mo EBARR/mo WAERKE/mo /()
W, 447 405 119.62 20.56 N, 246 204 120.55 20.39
W, 344 305 112.95 20.20 N, 270 205 174.55 21.86
W, 425 333 275.8 19.49 N; 239 227 27.73 25.64
W, 329 234 260.91 21.35 N, 300 237 142.66 26.21
W, 412 390 47.41 27.65 Ns 327 202 256.52 29.16
W 386 373 37.34 20.38 Ns 279 202 151.95 30.45
W, 410 339 195.36 21.31 N; 218 203 36.25 24.44
Wy 408 259 431.54 20.20 Ng 271 195 141.20 32.56
W, 410 378 61.91 31.12 Ny 263 195 131.03 31.26
Wiy 355 324 76.56 23.89 Ny 254 196 107.91 32.51
Wi 329 313 39.40 23.96 Ny, 300 197 179.49 35.02
Wi, 355 339 37.58 25.20 Ny, 225 198 53.34 30.41
Wi, 350 329 41.68 30.26 Ny, 302 197 183.10 34.99
W, 312 302 23.26 25.46 Ny, 226 196 59.17 30.47
Wi 309 291 48.47 21.80 Nys 255 195 109.00 33.40
Wi 296 281 40.85 21.54 Ny 256 206 84.40 36.33
Wy, 367 301 148.48 26.39 Ny, 271 208 105.80 36.54
W g 313 292 49.66 25.02 Nig 312 195 207.20 34.38
Wiy 297 284 32.70 23.43 Ny 304 260 82.68 32.15
W 243 231 33.24 21.16 Ny 280 205 128.22 35.80
W, 274 262 26.83 26.57 Ny 334 297 72.20 30.83
W, 303 270 74.69 26.22 Ny, 334 296 76.16 29.93
W, 286 268 51.26 20.56 N,; 282 208 130.10 34.67
W, 419 275 324.68 26.33 Ny 301 205 169.75 34.44
W, 285 261 65.55 21.48 Ny 298 209 150.21 36.34
W 284 254 86.38 20.32 Ny 344 196 264.32 34.05
W, 259 243 38.48 24.57 Ny, 365 197 289.69 35.45
W 228 211 44.38 22.52 Nyg 378 200 313.45 34.60
Wy 225 211 33.11 25.02 Ny 226 196 72.50 24.44
W, 245 226 45.19 24.86 Njo 274 192 170.07 28.83
Wy 236 219 40.72 24.68 Ny 280 227 106.17 29.95
W, 228 202 69.08 22.11 N, 341 267 146.12 30.43
W, 239 201 107.91 20.62 N3 297 245 107.42 28.95
W, 253 237 46.82 19.98 N, 345 253 186.30 29.59
W, 255 236 53.49 20.81 Nas 283 269 33.11 25.02
W 216 201 33.54 26.57 Nis 264 190 207.63 20.88
W, 282 246 106.28 19.80 N, 257 221 98.79 21.37
W 285 268 41.63 24.10 Nag 263 225 91.29 24.60
W 269 261 21.54 21.80 Ny 261 243 34.99 30.96
Wy 269 249 54.78 21.41 Ny 265 241 53.67 26.57
Wy 258 241 44.38 22.52 Ny 251 237 40.50 20.22
Wy, 221 217 10.77 21.80

W AR BOl s NARERIEBLA Y.
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Fig.6 Impacted road and silted riverbed by debris flows
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Fig.7 Soil erosion and damaged environment resulted by debris flows
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Fig.8 Formation mechanism of slope debris flow
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Fig.9 Schematic diagram of debris flow flexible barriers
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