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[Abstract] In underground engineering, the operation of full—face hard rock Tunnel Boring Machines (TBM)
in Class IV and V surrounding rock environments poses significant risks to construction safety. To address this,
this paper proposes a multi—feature fusion model integrating GBDT, CNN, GRU, and an attention mechanism
(abbreviated as GCGA) to improve the prediction accuracy of surrounding rock grades. The model employs
GBDT to screen key tunneling parameters, uses a CNN module to extract local correlation features among
parameters, and utilizes a GRU module to capture dynamic temporal patterns in the data. Additionally, a
category attention mechanism is introduced to enhance focus on critical categories (Class IV and V surrounding
rocks). Using the Gongming Reservoir—Qinglinjing Reservoir connection project in Shenzhen as a case study,
four types of parameters including TBM working pressure and penetration rate were selected as inputs to predict
rock mass grades. Field validation confirmed that the model meets engineering requirements. 1) The overall
prediction accuracy of the GCGA model for rock mass reaches 96.85%, outperforming traditional algorithms
such as Random Forest (64.71%) and SVM (94.13%); 2) The identification accuracy for low—sample Class IV
and V surrounding rocks increased to 88.89% and 95.02%, respectively, with maximum improvements of
55.56% and  85.02%; 3) In this project, TBM tunneling efficiency is primarily influenced by working pressure,
penetration rate, penetration depth, and cutter head speed. The GCGA model exhibits strong prediction
accuracy and applicability under complex surrounding rock conditions, providing effective technical support for
risk prevention and control in TBM tunnel construction.
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