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1 Introduction 
Establishing relationships between tunnel boring machine (TBM) parameters and rock mechanical 
factors under rock ground conditions through forward analysis has been investigated in several studies 
(Rostami, 1993; Bruland 1998; Barton 2000; Hassanpour et al. 2011; Samadi et al. 2024). However, 
analyzing rock mechanical factors based on historical TBM performance data through reverse (back) 
analysis is more complex due to the nonlinear interactions between rock–machine parameters and 
continuously changing ground conditions. Such analyses require advanced methodologies. To the best 
of the authors’ knowledge, most previous studies have focused on forward analysis, using rock 
mechanical parameters to predict machine performance, which differs from the scope of this study. 
This work proposes an approach based on reverse analysis, which has not been adequately addressed 
in the literature. To overcome these limitations, the present study aims to simulate key rock mass and 
intact rock parameters from historical TBM performance data from the Brenner Base Tunnel (BBT) 
project using a coupled physics-informed modelling and stacking ensemble learning model. 

2 Project Description 
The Brenner Base Tunnel (BBT) is a major railway project that connects Innsbruck in Austria to 
Fortezza in Italy. It is a joint effort between the two countries, with additional support from the 
European Union. The tunnel is about 55 km long and runs beneath the Eastern Alps, passing under the 
Brenner Pass (BBT 1999). Due to its length, the BBT is considered the longest railway tunnel in the 
world. The tunnel system consists of two main parallel tunnels and an exploratory tunnel. This study 
focuses on Lot Mules 2–3, specifically the west tunnel (GLON-T2). Excavation in this section was 
carried out using a TBM (STBM-1071) manufactured by Herrenknecht. The machine has an 
excavation diameter of 10.7 m and is equipped with 64-disc cutters on the cutterhead. The cutters are 
spaced at an average of about 90 mm and are designed to apply a thrust force of 176 kN each (cutter 
load, thrust force per each cutter). More detailed technical specifications of the TBM are provided in 
Table 1. 

Table 1. A detailed description of HR-STBM1071 specifications. 

Parameters Symbol Value Unit 
Cutterhead Diameter D 10710 mm 

Front shield 
Diameter Ds 10650 mm 
Length L 4820 m 
Width W 80 mm 

Middle shield 
Diameter Ds 10440 mm 
Length L 4150 m 
Width W 50 mm 

Tail shield 
Diameter Ds 10420 mm 
Length L 2520 m 
Width W 80 mm 

Cutting tools 
Number of disc cutters Ndc 64 - 
Disc cutter size Dds 19 in 
Spacing Sds 90 mm 

Thrust system  Thrust force  TF 112815 kN 
Torque Cutterhead torque CT 13600*, 27524** kN.m 
Rotation speed  Cutterhead rotation speed RPM 0-5.11*, 0-2.55** rpm 
Note: Gear I*, Gear II**, nominal values 
 
The Lot Mules 2–3 section (including the GLON tunnel) passes through several different geological 
formations. One of the most complex areas is the Periadriatic Line, which represents the boundary 
between the African and European tectonic plates. This zone includes geological intrusions with 
relatively weak mechanical properties, which makes excavation more difficult. Along this section, the 
GLON tunnel mainly crosses metamorphic rocks with different levels of metamorphism, from low to 
high grade. The most common rock types are paragneiss, amphibolite, and calc-phyllite–schist. The 
geological profile of the studied tunnel section is presented in Fig. 1. Based on laboratory tests and in-
situ investigations, the uniaxial compressive strength (UCS) generally ranges from about 33 MPa to 
107 MPa, although values up to 140 MPa have been recorded along the entire tunnel alignment. The 
rock quality designation (RQD) varies from very low values of around 10 up to about 34. 
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gradient boosting, and gradient boosting regressors with a RidgeCV meta-learner, showed strong 
predictive capability. Evaluation results, including A-20 and RMSE metrics, confirmed a high level of 
agreement between predicted and observed values (categorical rather than continuous). Furthermore, 
XAI using SHAP analysis was done to investigate the impact of each feature on the outputs to make 
the model more interpretable and explainable. The integration of stacking explainable AI with physics-
informed modelling provides deeper insight into rock–machine interaction mechanisms and improves 
confidence in model perdition. 
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