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Abstract

Predicting hazardous ground conditions ahead of a TBM (Tunnel Boring Machine)
tunnel face is essential for efficient and stable TBM advance. Although there have
been several studies on the electrical resistivity survey method for TBM tunnelling,
sufficient experimental data considering TBM advance were not established yet.
Therefore, in this study, the laboratory-scale model experiments for simulating TBM
excavation were carried out to analyze the applicability of an electrical resistivity
survey for predicting hazardous ground conditions ahead of a TBM tunnel face. The
trend of electrical resistivity during TBM advance was experimentally evaluated under
various hazardous ground conditions (fault zone, seawater intruded zone, soil to rock
transition zone, and rock to soil transition zone) ahead of a tunnel face. In the course
of the experiments, a scale-down rock ground was provided using granite blocks to
simulate the rock TBM tunnelling. Based on the experimental data, the electrical
resistivity tends to decrease as the tunnel approaches the fault zone. While the seawater
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intruded zone follows a similar trend with the fault zone, the resistivity value of the seawater intrude zone decreased
significantly compared to that of the fault zone. In case of the soil-to-rock transition zone, the electrical resistivity
increases as the TBM approaches the rock with relatively high electrical resistivity. Conversely, in case of the
rock-to-soil transition zone, the opposite trend was observed. That is, electrical resistivity decreases as the tunnel face
approaches the rock with relatively low electrical resistivity. The experiment results represent that hazardous ground
conditions (fault zone, seawater intruded zone, soil-to-rock transition zone, rock-to-soil transition zone) can be
efficiently predicted by utilizing an electrical resistivity survey during TBM tunnelling.

Keywords: Electrical resistivity survey, Fault zone, Rock-to-soil transition zone, Seawater intruded zone, Soil-to-
rock transition zone
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B 20 2nye] o v, s e, EARIRH ST IR EAF SRS S4 RALSIo, 271 5 417
HIARFe] HokE SIS 2 Aells A AR 2732 AP ] S1sl obdet E5 ARgolo] B ke A
St A 2, Bdo] 215 B aifitioll TS AV [HIA o] Aastalon, s et st 4
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A A2 A 9 AR S whfid, s e, EAR R ekt o EAF RIS o] oS0 7hs:

2204 7|0 FA, D5 TR, k- EARRSETZE Sl e, EAR QR SR

W EHdoluFsF HES
2 gt Zse R Bd =21
o] 7F&skal, AVF A=) PSS 4= 1710l AR B'E Algell B lobA -85 2Uth(Jeong et
al., 2018). TBM 31 £ H'd =% 5 =X1H A A S¢ke = yH6lr| ofalg qtopuet el AA|
AN A SHE skl =

b oF= HPASCH Lee et al., 2018). 9]
TBM =%| 5 &5 oafi o, QR EAFHSE, EARQE BRI 29 A, =71 9 247 -Oo] ojeho = It
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Fig. 1. Electrode array in four-electrode method
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Fig. 2. Four-electrode array methods
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Fig. 3. Experiment setup of electrical resistivity survey for TBM ahead prediction
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Fig. 6. Experiment setup of fault zone and sea water intruded zone
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Fig. 7. Experimental setup of rock and soft ground
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Fig. 8. Analytical and experimental setting (Takahashi and Kawase, 1990)
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Fig. 10. Measurement of electrical resistivity to check boundary effect of soil chamber
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Fig. 11. Electrical resistivity distribution measured along soil chamber
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(a) Measurement of electrical resistivity of rock blocks (b) Measurement of electrical resistivity of rock plates

Fig. 12. Electrical resistivity measurement in rock plates and blocks
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Laboratory chamber test for prediction of hazardous ground conditions ahead of a TBM tunnel face using electrical resistivity survey
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