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Relationship between TBM tunneling parameters and rock mass grades based
on GA-LightGBM algorithm
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(1. School of Resources and Safety Engineering, University of Science and Technology Beijing, Beijing 100083, China;
2. National Center for Materials Service Safety, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: In order to establish an identification model of rock mass grade reflecting the relationship between TBM
tunneling parameters and rock mass categories, improve model building efficiency and recognition rate, a research
was carried out on background of a tunnel project. The rock mass characteristics were surveyed and graded based
on BQ method and RQD, the TBM working data was collected and the main excavation parameters related to the
change of rock mass characteristics were screened. The relationship between TBM tunneling parameters and rock
mass grade was fitted based on Light Gradient Boosting Machine ( LightGBM) algorithm, and the hyperparameters
of LightGBM were optimized using genetic algorithm ( GA), then a GA-LightGBM model of rock mass grades
identification was established. Results: The accuracy of the GA-LightGBM recognition model reached 93. 5% ,
which was higher than that of the support vector machine model and the random forest model. The model training
speed is 8 times faster than the gradient boosting decision tree algorithm. Five TBM tunneling parameters were
related to rock strength and rock mass integrity, and the total propulsion force could be used as the main criterion
for sensing rock mass characteristics. The study provides an efficient method for analyzing TBM excavation
parameters and accurately identifying rock mass grades, providing support for rapid on-site perception of rock mass
grades and real-time adjustment of operating parameters.
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Tab.2 Data allocation of training set and test set

ARG Bl IZRAE + B il
I 23 898 19 118 4780
a 9 126 7300 1 826
Ih 11 107 8 885 2222
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Tab.3 The hyperparameters of model and the search scope

T A S RO R

Fiie 2 €l 54 AR SRR
learning_rate 2] # [0.02,0.6] 0.02
n_estimators EARUREL [5,300] 5
max_depth TR R RV [2,9] 1
num_leaves FARRRE 1T AR [2,500] 1
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Tab.4 The optimal combination of model hyperparameters

WS R HESEL S ZURIES
learning_rate 0.56 bagging_fraction 0.9
n_estimators 270 feature_fraction 0.7

max_depth 9 reg_alpha 0.9
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min_child_sampple 10 cat_smooth 25
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Tab.5 The recognition accuracy of different models

e P VILHER/s
N Wzt Wb ik
SVM 91.4 74.3 93.8 88.6 34
RF 92.7 80.2 95.8 90.9 28
GBDT 94.4 83.6 98.0 93.2 175
GA-LightGBM  94.7 84.4 97.9 93.5 19
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