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Currently, within the framework of 
comprehensive underground space development, 
tunnel boring machines (TBMs) are widely used in 
metro tunnel construction. These machines help 
minimize negative impacts on surrounding 
buildings, ensuring construction safety and the 
quality of tunnels within the planned timelines. This 
technology allows the construction of underground 
structures without opening the earth's surface. It is 
effective in various engineering and geological 
conditions without the need for special tunnel 
construction methods, thanks to the face support 
pressure created in the cutterhead chamber and 
the injection of sealing grout into the space behind 
the tunnel lining. However, tunneling at any depth 
still causes settlement of the ground surface and 
surrounding structures. This can be a serious 
problem in dense urban environments, as 
additional movements may damage nearby 
buildings and utilities. Previously, the authors 
developed a multiple linear regression model to 
predict ground surface settlements and 
surrounding buildings based on manual geodetic 
monitoring [1]. Additionally, factors that have the 
greatest impact on settlement during tunnel 
construction using TBM were identified. It was 
found that the face support pressure has the 
greatest effect on surface settlement, or in other 
words, the settlement can be mitigated by 
adjusting the face support pressure. The objective 
of this work is to use machine learning methods 
and data from automated monitoring, tunneling 
technological parameters (including face support 
pressure), and rheological properties of the soil to 
create a predictive model for station structures, rail 
tracks, and the superstructure. These models were 
developed during TBM twin-tunneling under a 
deep station complex. Part of the model 
parameters and their range of values are 
presented in Table 1. Monitoring of deformations 
was carried out from the moment the TBM 
appeared at a distance of 30 meters from the 
station complex and ended when the TBM moved 
35 meters away from the station complex. This 
allows us to track the stabilization of deformations 
after the passage and to consider settlement over 
time. Considering the rheological properties of 
soils is important during tunneling. Research 
shows that deformations continue even after 
tunneling [2]. 

Table 1. Part of the model parameters* 

Parameter Value 

Geotechnical monitoring data from -1.8 to 1.9 mm 

Distance to the benchmark 0-35 m 

Strength properties of soil (с / φ) 8-8.5 kPa/10-32 deg. 

Rheological properties of soil (η) 108-1018 kPa∙min 

The average face-support pressure 1.45-3.50 bar 
The average weight of soil output 46-81 t 
The volume of grout injection into 
the annular space 

3.7-4.9 m3 

*A full list of parameters will be provided later 
 
Figure 1 illustrates the position of one of the two 

TBMs as it exits from under the station complex. 
 

 
Fig. 1. Fragment of the plan showing the location of the 

deformation control benchmark and TBM. 

 
Based on the results of the study, several 

optimized predictive models were developed, 
allowing for the determination of deformations in 
the structures of subway facilities, as well as the 
rails and the rigid track bed, which are the most 
important objects of observation during tunneling 
under the structure. The coefficient of 
determination for each model on both the test and 
training datasets is greater than 0.9. Therefore, 
these models will be relevant for predictions in clay 
soils. 
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