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Preliminary analysis on rainfall thresholds for early warning
of the rainfall induced landslides based on “step”
deformation characteristics
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Abstract: Since the occurrence of landslide disasters is random and complex, which often causes serious economic losses to
people's lives and even threatens life safety, establishing landslide early warning criteria and models is an important means to

reduce losses. In this paper, the effective rainfall-deformation rate-improved tangent angle is determined as the key criterion for
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the early warning of rainfall-type step landslide. Then, the slope single-variable point method is applied to determine the

“ damage inflection point” and “ stability inflection point” on the landslide “step” deformation curve to extract detailed

information of the deformation acceleration interval, so as to solve the effective The threshold value of rainfall-deformation

rate-improved tangent angle integrated warning criterion. Finally, a 4-stage progressive integrated warning model was

established by combining the macroscopic deformation characteristics of the landslide at each stage of development and the

spatial and temporal evolution laws. The results show that the transport form of landslide No. 1 in Machi Village is traction

type, and the cumulative displacement curve shows typical “step” deformation characteristics under the excitation of rainfall

factors. The deformation of landslide No. 1 in Machi village is affected by the early rainfall, and the time interval threshold

between the early rainfall and the current rainfall is 10 d, and the corresponding rainfall thresholds in the “early + current

rainfall” mode are 24 mm and 32 mm respectively. The study can provide theoretical basis and technical guidance for early

warning of this type of landslide hazard.

Keywords: rainfall landslide; step deformation; pre-rainfall; threshold; early warning model
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Fig. 1 Classification of deformation stages for “step-like” landslide

displacement curve
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Fig. 5 Cumulative displacement-rainfall-time relationship of landslide No.1 in Machi Village
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Fig. 6 Interval graph of 7-step deformation of landslide No. 1 in Machi Village

x1 G6 KMABIAE R 5RERRFAREER
Table 1 Detailed information table on the damage inflection point and stable inflection point of monitoring point G6
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T, 2020-07-20 2020-07-30 [416,426] 11 31.28 42.26 10.98 1.00
T, 2020-08-21 2020-08-30 [448,456] 10 53.11 70.30 17.19 1.72
T, 2020-10-03 2020-10-11 [490,498] 9 79.20 92.55 13.36 1.48
T, 2021-06-25 2021-06-30 [756,761] 6 124.59 133.23 8.64 1.44
T 2021-08-13 2021-08-20 [805,812] 8 172.65 211.82 39.17 4.90
T 2021-08-26 2021-09-06 [818,829] 12 213.47 538.06 324.59 27.05
T; 2021-09-19 2021-09-25 [842,848] 7 561.99 889.01 327.02 46.72
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2021-08-20 14.4 11.82
2021-08-26 34.7 16.46
T.~[818,829] 2021-08-28 17.4 32.67
2021-08-29 78.7 37.55
T,=[842,848] 2021-09-19 495 5.82
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Fig. 7 Characteristics variation of the criterion curve for effective rainfall-improved tangent angle-displacement rate
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