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Slope safety, stability evaluation, and protective measures based on machine learning
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ABSTRACT In recent years, the slope instability has brought immeasurable costs to production and life of human. As a result, it is
essential to correctly understand, analyze, and design the slope reasonably, and implement appropriate protective measures to minimize
the loss and harm caused by its instability. By far, slope stability can be investigated using theoretical analysis, numerical modeling and
machine learning prediction, among them machine learning prediction has been the most encouraging one. Many studies have been
performed using machine learning algorithms to predict the slope stability. However, these methods suffers from poor accuracy and poor
generalisation capbility, so its real-life application has been limited. In the current study, a machine learning-based slope safety and
stability evaluation system is established by integrating principal component analysis, parameter adjustment, and influence factor weight
analysis. It is shown that PCA can reduce the dimensions of the input variables from six to three while retaining 80% of the information;
however, at the cost of the model’s effectiveness. The random forest and XGBoost (eXtreme Gradient Boosting) learning algorithms can
both be employed to develop effective evaluation models for slope safety and stability. The comparative analysis of algorithms’
prediction effects established XGBoost as the best evaluation model, which can achieve the average accuracy of 92%, precision of 91%,
recall of 96%, and the area under the receiver operating characteristic curve (AUC) of 0.95. In addition, this study employs three types of
test methods: the chi-square test, F test correlation, and mutual information method, meanwhile by calculating and visualizing the
importance of influencing factors, the influence of unit weight, slope height, internal friction angle and cohesion on slope stability is
demonstrated. It has been shown that the unit weight is the most influencing factor for the slope stability. Finally, the slope safety
protection measures are proposed by combining the evaluation results with the actual project.

KEY WORDS slope stability evaluation; machine learning; random forest; XGBoost; protective measures
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Table 1 Different evaluation results obtained from the two algorithms

Indicators Random forest XGBoost
Accuracy 0.86 0.92
Precision 0.90 0.91
Recall 0.85 0.96
AUC 0.92 0.95
LOF (b) —
0.8} | o
06}
<
%04}
02t e
ol ‘/ _— AUC 0. 95

0 0.2 0.4 0 6 0 8 1. 0
False positive rate

Bl 6 JA#)5M ROC 5 AUC JE7R. (a) BEHLARARAIAY; (b) XGBoost A%
Fig.6 ROC and AUC display after adjustment: (a) random forest model; (b) XGBoost model
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Table 2 Importance of evaluation factors under the three feature selection methods

Important evaluation factors and corresponding index scores

Feature selection method
Slope height

Unit weight Internal friction angle

Chi-square (y?) test ¥2=6.9396 P=0.0084

¥2=3.5136 P=0.0609 ¥3=2.5307 P=0.1117

F test F=22.5560 P =0.00000441

F=49.7141 P=0 F=34.8498 P=0.00000002

Mutual information method 0.2354

0.2173 0.2791 (Cohesion)
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Pore pressure ratio 0.097 (a)
0 Ojl 012 0j3 014

Mean decrease in impurity

T RRAE 0 126 T 4 e M B B R PR R A R . U
G, Xk 10 35 R 7 A T AR A IR S B PR A TR AL,
F B AR AT LD Tz e 4% PR 3R X 0 B AR
R332 T R 32, DT Sy 30 35 22 4 B 7 7 SR R ol E B
AU S % K E R 10 W5 T3 10 4 37 4 [
RS T AR Y Y A AT AT AL B, A fE] 7
JI 7.

10319
Slope height } 0.166
Cohesion | 10,159
Pore pressure ratio E 10.129
Slope angle [T 10.113
Internal friction angle E 0112 )

0 0.1 0.2 0.3 0.4 0.5
Mean decrease in impurity

Unit weight

Feature

B 7 AFREER . () BEPLARARBERL; (b) XGBoost %!
Fig.7 Rank of feature importance: (a) Random forest model; (b) XGBoost model
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