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Keywords Extended Abstract

TBM Summary

Geotechnical parameters This study presents a systematic geostatistical framework for
Indicator kriging predicting the spatial distribution of soil formations along a

3D geological modeling

- tunnel boring machine (TBM) driven tunneling route to
Risk management

address a critical need for mitigating geological risks in
underground construction. The research focuses on Tabriz Metro Line 2, which traverses complex and
varied soil sequences. Utilizing geotechnical data from six boreholes, sixteen identified soil layer types
were strategically reclassified into three main categories —clay, sand & gravel, and silt— to enhance
model stability. The core methodology employed indicator kriging that is an ideal non-linear
geostatistical technique for categorical data. The process involved data regularization by generating
virtual points at one-meter intervals along boreholes, spatial structural analysis through computing and
modeling horizontal and vertical experimental variograms for each soil category, and subsequent three-
dimensional (3D) interpolation to estimate soil class probabilities at unsampled locations. Rigorous
validation via leave-one-out cross-validation (LOOCV) demonstrated a high predictive accuracy of
80%. The resulting 3D block model effectively visualized the subsurface stratigraphy, identifying zones
of potential instability and abrupt changes in soil consistency. This model provided a powerful decision-
support tool for optimizing tunneling route selection, guiding support system design, and enhancing
overall risk management strategies. This study concludes that indicator kriging, supported by strategic
data classification, offers a highly effective and reliable methodology for reducing geological
uncertainty in mechanized tunneling projects, with significant practical applications for planning and
safety.

Introduction

Prediction of the spatial distribution of soil formations along a tunnel boring machine (TBM) tunneling
route is necessary for mitigating geological risks in building underground structures. In this regard,
Tabriz Metro Line 2, which traverses complex and varied soil sequences, is investigated as a case study.
Indicator kriging geostatistical method is employed for modeling data obtained from boreholes drilled
in the studied area. As a result, zones of potential instability and abrupt changes in soil consistency were
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identified. The modeling results can effectively be used to reduce geological uncertainty in mechanized
tunneling projects, with significant practical applications for planning and safety. Thus, the results of

this study can be used as a decision-support tool for optimizing tunneling route selection.

Methodology and Approaches

Geotechnical data from six boreholes along the tunnel alignment were analyzed. Sixteen identified soil
layers were reclassified into three main categories. The methodology involved: 1) data regularization by
generating virtual points at 1-meter intervals, 2) spatial structural analysis using horizontal and vertical
experimental variograms for each soil category, 3) modeling the variograms to define spatial correlation
parameters; and 4) applying indicator kriging to estimate the probability of each soil class at unsampled
locations within a three-dimensional (3D) grid. Model validation was performed via leave-one-out
cross-validation (LOOCV).

Results and Conclusions

The cross-validation results demonstrated a high prediction accuracy of 80%. The resulting 3D block
model effectively visualizes the spatial continuity and sudden changes between the three soil classes.
Key conclusions are:

1. Indicator kriging is a powerful tool for modeling categorical geotechnical data in tunneling projects.
2. Strategic data classification enhances model stability and accuracy.

3. The generated model is highly effective for identifying potential instability zones and planning
optimal excavation routes.

4. This methodology provides a practical and reliable foundation for risk management in similar
mechanized tunneling projects.




