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Abstract
After tunneling enters a complex surrounding rock section, the geological conditions of the rock
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mass ahead of the heading face and the stability of the base often change rapidly. If these changes
are not promptly identified, issues such as rock falls, local instability, and water seepage may occur.
Ground Penetrating Radar (GPR) is characterized by being non-destructive, fast, having high reso-
lution, and offering flexible on-site operation. In recent years, it has been widely applied in short-
range advanced geological forecasting in tunneling. This paper, based on the small mileage section
of the No. 3 cross tunnel of the Majie Tunnel on the Tianshui-Longnan Railway, analyzes the effec-
tiveness of GPR in two different application scenarios by integrating on-site advanced detection at
the heading face, karst detection at the base, and geological mapping data from the face. The results
show that GPR can sensitively reflect information on rock mass fragmentation, the development of
joints and fissures, and local water content anomalies. It also demonstrates good capability in iden-
tifying shallow abnormal zones at the base. Engineering applications indicate that using GPR for
advanced forecasting at the heading face and for karst investigation at the base can provide direct
evidence for short-step excavation, reinforcement of primary support, and adjustment of intercep-
tion and drainage measures during construction. This approach holds significant potential for
broader application and promotion.
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Figure 1. Location schematic diagram of Ma Street Tunnel No. 3 cross passage and main tunnel
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Figure 2. On-site GPR testing image
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Figure 3. Layout diagram for basal karst detection survey lines
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Figure 4. Radar waveform chart of the working face
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Figure 5. Geological sketch map of the working face
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Figure 6. On-site view of the working face
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Figure 7. Radar image of three survey lines at the base
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