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Abstract

This study proposes a multi-evidence, closed-loop interpretation method to address the non-
uniqueness of individual TGP anomalies and the weak linkage between geophysical results and con-
struction actions. The workflow integrates record quality control, relative P- and S-wave anomalies,
reflection and diffraction imaging, chainage-based geological-unit delineation, construction response,
and excavation feedback. A semi-quantitative anomaly consistency index (ACI) is defined from five
co-located indicators: low P-wave velocity, low S-wave velocity, negative reflections, concentrated
diffractions, and geological-hydrogeological evidence. Two 150 m cases, the limestone section of the
Wulaofeng Tunnel and the granite section of the Midicun Tunnel, are used to demonstrate the
method. The Wulaofeng B unit (Z3K26 + 806 to Z3K26 + 870) has an ACI of 1.00 and represents a
continuous high-consistency anomaly, whereas the Midicun core interval (Z3K36 + 760 to Z3K36 +
780) has an ACI of 0.80 and represents a localized high-consistency anomaly. Baseline Vp and Vsh
values are 5990 and 3860 m/s for Wulaofeng and 4770 and 2540 m/s for Midicun, respectively;
however, these baseline velocities do not vary monotonically with the length of unfavorable units.
Relative variations along the tunnel axis and the spatial agreement of multiple evidence types are
therefore more diagnostic than any single parameter. The method converts seismic anomalies into
chainage-specific actions, including rock-mass classification, advance drilling, drainage, and sup-
port adjustment.
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Figure 1. Multi-evidence closed-loop interpretation framework for TGP
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Figure 2. Schematic layout of TGP seismic advance prediction
(after project data)
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Figure 3. Comparison of tunnel-face geology in the two cases
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Figure 4. Integrated TGP prediction result of the Wulaofeng Tunnel
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Figure 5. Integrated TGP prediction result of the Midicun Tunnel
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Figure 6. Comparison of geological-unit lengths within the 150 m prediction ranges
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Table 3. Interpretive geological units and construction responses
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