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Research on Penetration Rate of Earth Pressure Balance Boring
Machine Based on Fuzzy Algorithm

LI Lu
( China Railway 18th Bureau Group Third Engineering Co. , Lid. , Zhuozhou, Hebei 072750, China)

Abstract: In subway tunnel construction, full-face tunneling machines are widely used for mechanized
excavation. However, due to complex factors such as surface structures, settlement, and urban facilities,
urban tunnel excavation faces unique challenges. Earth Pressure Balance ( EPB) shield machines can
effectively reduce settlement risks, ensuring both excavation safety and improved efficiency. Among
these, predicting the excavation rate is crucial for ensuring tunnel construction safety. The factors
influencing the EPB shield machine’ s excavation rate include geological, mechanical, and operational
parameters. Therefore, this study uses principal component analysis (PCA) to identify key factors, such
as torque, thrust, and speed, which explain over 95% of the variation in excavation rate. After removing
outliers and normalizing the data, excavation rate predictions are made using fuzzy logic based on
Mamdani and Sugeno algorithms, as well as a neuro-fuzzy method. The results show that the root mean
square error (RMSE) of the Sugeno algorithm is 23. 51% lower than that of the Mamdani algorithm, and
its performance index is approximately 6% higher. The neuro-fuzzy method shows a mean square error
(MSE) that is 33.14% and 12.58% lower than the Mamdani and Sugeno algorithms, respectively,
demonstrating superior predictive performance.
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Table 3 Specification of the concrete cove
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Table 1 Geotechnical parameters of different layers
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Table 4 Statistical characteristics of data after deleting

the outlier data and before normalization machine
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Table 5 Statistical characteristics of

data after normalization
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Fig. 1 The inputs and outputs in the fuzzy logic

method with Mamdani and Sugeno algorithm
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Table 6 Results of two fuzzy logic models
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Fig.2 Correlation analysis between the predicted

values and actual penetration
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Fig.3 Comparison of the predicted and actual

values of penetration rate
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penetration rate with a neuro-fuzzy model
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Table 7 The results of the three models
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Mamdani 711 561 0.930 5 0.949 7 89.22
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VR UEZY Y =R 711 561 0.961 5 0.6350 96. 09
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