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Tunnel rockburst prediction based on LLE-DBSCAN-SMOTE data processing

FAN Chenggiang, XIA Yuanyou, ZHANG Hongwei, HUANG Jian
(School of Civil Engineering and Architecture, Wuhan University of Technology,
Wuhan Hubei 430070, China)

Abstract:  To address issues of correlation prediction indicators, outliers, and data imbalance in original
data in rockburst prediction, a rockburst prediction method based on LLE-DBSCAN-SMOTE for data
processing was proposed. Firstly, the maximum tangential stress of surrounding rock o, , uniaxial

compressive strength of rock o, , uniaxial tensile strength of rock o, , elastic strain energy index W

c et

brittle coefficient o /o, , stress coefficient o,/ , , and stress concentration value B characterizing the

c 9

stress gradient of surrounding rock were selected to construct a rockburst prediction indicator system.

Secondly, the LLE algorithm was used for data dimensionality reduction to eliminate the cross-correlation
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effect between indicators, and the DBSCAN algorithm was introduced to remove outliers. Then, the
SMOTE technology was introduced for data balancing. Finally, three types of rockburst prediction models
were proposed using Decision Tree (DT), Random Forest ( RF), and Gradient Boosting Decision Tree
(GBDT) algorithms. The prediction accuracy of the data training models before and after processing was
compared and analyzed. Moreover, engineering verification was performed through the measurement in the
diversion tunnel of Jiangbian Hydropower Station. The results show that the prediction accuracy of the
three types of algorithm models which reduce the prediction index from the 7 dimensions of the original data
to the 4 dimensions and adopt the graded outlier processing is the highest among the similar models. The

rockburst prediction of the Jiangbian Hydropower Station demonstrates that the proposed model significantly

improves prediction accuracy compared to similar models using original rockburst data.

Keywords: local linear embedding (LLE) ;
(DBSCAN) ;
rockburst prediction
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Fig.1 Tangential stress distribution of surrounding rock
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Fig.2 Scatter plot of dimensionality reduction effects with different k& values
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Fig.4 Outlier removal using a holistic manner
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Table 3 Index parameters of diversion tunnel of Jiangbian Hydropower Station
R o,/MPa o./MPa o,/MPa o,/0, o,/o, W, B/(MPa-m™) HIRAI
0 + 250 33.15 106. 94 5. 84 0. 31 18.31 2.15 0.24 2
0 + 550 91.43 157. 63 11. 96 0.58 13.17 6.27 1.32 3
0 + 900 51.50 132.05 6.33 0.39 20. 86 4.63 0.96 2
2 + 230 23.39 106. 32 2.92 0.22 36.41 1.75 0.70 1
3+ 320 12.96 117.81 3.21 0.11 36.70 2.49 0.09 1
3+ 710 89.52 146.75 7.54 0.61 19. 46 4.70 3.11 3
7 + 330 121.09 159. 33 11.29 0.76 14. 11 11.62 1.94 4
7 + 625 121. 09 135. 67 9.02 0.45 15. 04 11.2 0.11 4
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Table 4 Model prediction results based on original and processed datasets
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