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ABSTRACT

To ensure construction safety during tunnel excavation, it is essential to identify
subsurface obstacles ahead of the tunnel face. The identification and location of these
obstacles are of significant concern when there are underground utilities or foundations
expected in the construction area. Electrical resistivity surveys are an effective method
for investigating subsurface obstacles even in conditions where surface structures such
as buildings or pavements are present.

This study conducts laboratory-scale experiments for the identification of the
electrical field characteristics in sandy soil containing spherical anomalies. Apparent
resistances are measured for double anomaly cases with varying distance from the
surface using multiple surface electrodes. The experiment results provide data for the
validation of the analytical solution of electrical field in sandy tunnel front with subsurface
anomalies.

1. INTRODUCTION

Electrical resistivity survey measures the apparent electrical resistance between
the electrodes penetrating the ground by applying potential differences and measuring
the induced electrical flow between them. This method has been used for
hydrogeological investigations of the subsoil, prospecting for resources (Lech et al.,
2020), and detection of structural features underground (Kim et al., 2024).

There are various ways to determine the resistivity distribution of the medium,
ERT(Electrical Resistivity Tomography) being one of the major application. By assuming
an initial resistivity model, theoretical apparent resistance are calculated and iteratively
updated to find the optimal resistivity distribution. (Ryu et al., 2017) developed
TEPS(Tunnel Electrical Resistivity Prospecting System) to locate underground structures
such as fracture, spherical anomaly, and underground utility using the analytical

1) Graduate Student
2) Professor


mailto:lionstar21c@kaist.ac.kr
mailto:gyechun@kaist.edu

The 2026 World Congress on
Advances in Civil, Environmental, & Materials Research (ACEM26)
23-25, August, 2026, Convensia, Incheon, Korea

expression of resistivity for certain types of anomaly, and performing inverse analysis to
determine the unknown geometrical parameters of the underground structures.

This study presents laboratory-scale experiments on sandy soil containing double
spherical anomalies. Apparent resistance responses are measured under different
electrode configurations and anomaly depths, providing preliminary experimental data
for the future validation of analytical models for tunnel-ahead anomaly detection.

2. LAB-SCALE EXPERIMENT FOR DOUBLE ANOMALY

2.1 Test apparatus and setup

The testbed built with a 50 by 50 centimeter box filled with silica sand at a water
content of approximately 5.5 percent was used. Two steel spheres with different
diameters were used to represent buried anomalies, and the distance between the
anomalies was maintained at 10 centimeters.

This simplified setup was designed to investigate the influence of anomaly
geometry and electrode arrangement on electrical resistance response, and to establish
suitable measurement conditions for future studies with reduced boundary and soll
effects.
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a) Testbed Dimensions d) TEPS Equipment and Electrode

Fig. 1 Apparatus and testbed setup

2.2 Experimental configuration
Influence of anomaly geometry and measurement configuration were considered
by selecting the variables described in Fig. 2.



The 2026 World Congress on
Advances in Civil, Environmental, & Materials Research (ACEM26)
23-25, August, 2026, Convensia, Incheon, Korea

Distance x

.................................... b) Anomaly distance between each other

Electrode

- SO - - ; Tunnel fl’Ont
a) Electrode spacing ¢) Anomaly distance from tunnel face

Fig. 2 Experimental configurations for electrode and anomaly

Two electrode spacings, referred to as the close and far configurations, were
adopted. The second variable was the distance from the tunnel face, which was set to 8
cm and 14 cm. For the double-anomaly condition, the distance between the two
anomalies was fixed at 10 cm to isolate the effects of tunnel-face distance and electrode
configuration. By combining the two tunnel-face distances and the two electrode
configurations, a total of four experimental cases were established.

3. EXPERIMENTAL RESULTS

Apparent resistance measurements were obtained for all experimental cases and
organized into resistance matrices. Each element in the matrix represents the apparent
resistance measured between a pair of electrode channels. Prior to the installation of the
anomalies, reference measurements were conducted using the same measurement
procedure to establish the background electrical response of the sandy soil.

Table. 1 Result for reference case with 10cm bx 10cm electrode seacing

Channel #1 #2 #3 #4 #5 #6 #7 #8

#1 -326000  -250950 185090 290440 310180 183550 -315480
#2 -74480 286720 54610 -16390 -16390 -74480  -280120
#3 -192340  -163840 -171290 163840 -52560 -122880 -52560
#4 179820  -140060 232100 -300380 316320 205750 -315480
#5 290440 163840 143360  -308100 -265750 322710 -275020
#6 211580 232100  -198950 287820  -234990 307200 -315480
#7 185090  -140060  -209040 209650 282730 218820 -234990
#8 301400 -23410 54610 280250 -94860  -270440 -256000

4. CONCLUSIONS

This study conducted laboratory-scale electrical resistivity experiments on sandy
soil containing double spherical anomalies. Apparent resistance measurements were
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obtained using multiple surface electrodes under different electrode configurations and
anomaly depths.

The acquired dataset serves as a basis for the future validation of analytical
solutions for tunnel-ahead anomaly detection. Further research will focus on developing
an analytical model for multiple anomalies ahead of the tunnel face and validating the
proposed model using the experimental data obtained in this study.
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