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Research on comprehensive deformation prediction and monitoring and

early warning method for step-like landslide

YUAN Wei"?? | SUN Ruifeng*, ZHONG Huiya', JIAO Haiming', HU Huihua’, LIN Hang’
(1. Power China Zhongnan Engineering Corporation Limited, Changsha 410014, China;
2. School of Civil Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China;
3. School of Resources and Safety Engineering, Central South University, Changsha 410012, China;
4. China Railway 17th Bureau Group Urban Construction Co., Lid., Guiyang 550029, China;
5. Hunan Provincial Communications Planning, Survey and Design Institute CO. LTD., Changsha 410200, China)

Abstract: The long—term deformation of the bank slope of the large reservoir presents an obvious periodical “step—
type” steep increase under the action of rainfall in flood season. Aiming at the deformation characteristics of step
landslide, a three—step landslide monitoring and early warning method for multi—source data is proposed in this
study: (1) “Fusion” — The multi-point monitoring data are decomposed into trend term and period term based on
empirical mode decomposition method, the trend term and periodic term displacements of different monitoring
points are fused by weighting method, and the obtained trend term and periodic term are superimposed to obtain the
current status of the integrated landslide deformation. (2) “Prediction” — The concept of “one prediction period”
is introduced, the sliding polynomial fitting method and the random forest algorithm are used to predict the fusion
trend term and the fusion period term respectively and superimpose them to obtain the predicted comprehensive de-
formation of the landslide. (3) “Early warning” — Based on the slope change point theory, the “stable point” and
“transition point” of the comprehensive deformation curve are searched, and the average slope of the stable deform-
ation and accelerated deformation interval is determined. Then, a 4-stage progressive hierarchical warning model
of step—like landslide is established, and the current safety of the bank slope is warned. Taking the slope automatic
displacement monitoring data of a bank slope of Xiangjiaba Reservoir as an example, the comprehensive deforma-
tion prediction and safety warning of this bank slope are carried out by using the method proposed in this paper. The
results show that the comprehensive deformation time series can reflect the deformation evolution law of the landslide
as a whole, and the prediction results are reliable. According to the hierarchical warning model, this slope is cur-
rently in the stage of stable deformation ( Grade I early—warning) .

Keywords: step—like landslide; deformation prediction; monitoring and early warning; data fusion; empirical

mode decomposition method; gray correlation theory; random forest algorithm; change point analysis method
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