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Monitoring and Early Warning of Landslide and Debris Flow
Disaster Chain Risk Based on Experimental Simulation
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2.National Phosphorus Resources Development and Utilization Engineering Research Center s Kunming s Yunan 650600, China)

Abstract: [ Objective ] Risk monitoring and early warning were studied based on the geological disaster chain
of landslides and debris flows in Yuanyang terraced fields in order to improve the accuracy of warnings
related to rainfall-induced landslides and debris flow disaster chains and to provide a scientific basis for
improving the pertinence of work related to reducing and preventing such disasters. [ Methods ] This
investigation delved into the failure process of disaster chains related to landslides and debris flows in the
Yuanyang terraced area through rainfall model simulation experiments. Real-time monitoring of rainfall,
volumetric moisture content, and slope deformation coupled with an analysis of the early-warning thresholds
for disaster chain risks under various rainfall conditions formed a crucial part of the study. Four specific
rainfall conditions (i.e., long-term moderate rain (50 mm/h), long-term heavy rain (120 mm/h), cyclic
intermittent heavy rain, and drought-sudden heavy rain) were established. [ Results] The continuous impact
of rainfall revealed the development stages of the disaster chain., progressing through surface scouring,
creeping, rapid sliding, and debris flow migration until the culmination of the movement process. Slope
damage initiated from the foot of the left slope, subsequently affecting the foot of the right slope. Various

forms of slope damage manifested themselves under distinct rainfall conditions: transverse cracks appeared in
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the middle of the slope during heavy rain, resulting in the formation of two landslides (one above and one below) ;

multiple landslides occurred consecutively under moderate rain conditions; and mudslides formed rapidly under

drought-sudden heavy rain, covering the longest distances and accumulating over a broader area than observed

for other rainfall scenarios. [ Conclusion] The main monitoring indicators for disaster chain early warning of

landslide and debris flow include cumulative rainfall, duration of rainfall, changes in moisture content, and

on-site monitoring of slope deformation development. These monitoring parameters are influenced by various

factors such as rainfall conditions, soil properties, slope angle, and external dynamic conditions. Therefore,

in practical applications, it is necessary to comprehensively consider these factors.

Keywords: heavy rainfall; landslide; debris flow; disaster chain; model test; monitoring alert
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Fig.1 Situation of disaster chain of mud-rock flow in Yuanyang terrace landslide
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Table 1 Size gradation distribution of test soil particles

KL%/ mm 10 5 2

1 0.5 0.25 0.1 0.075 0.005

INFRRAE L BB AR/ % 100 83.04 71.43

51.1 43.99 32.4 24.11 7.8 1.03
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Table 2 Physical property indexes of test soil

X (G, /(g s ecm *) RAEHE d5/mm

LB (o) MABERE L /(m s ') BE I ¢/ (kPa)

WEEHEA ¢/ ()
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(3) o H 4 A1 X b B 3 2 AR B8 B 3 18 O B 15°,
JCRHAS AR M , T8 KN — 7R 56 b RS
A, RSP FERE K 0.2~0.6 m. 95 0.1~0.3 m,

PR 0.04~0.1 m, A WA E T ALY & 1, 4%
MBI B (15°) TR S8 ) Al B B 36 A B 10 20k 1
s FH I AT SN P 2 Jr s



170 7K R E

5 44 B

2 RHEBEER
Fig.2 Terrace slope model
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Table 3 Model parameters and test schemes of different test conditions
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Fig.3 Subsidence and tension cracks during slope deformation
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Fig.5 Formation process of disaster chain of landslide and debris flow under different rainfall condition
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Table 4 Disaster chain under different rainfall conditions
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Table 5 Disaster chain warning values under different rainfall conditions
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