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Abstract

Since the depth of tunneling with tunnel boring machine (TBM) becomes deeper and
deeper, the expense for site investigation for coring and geophysical survey increases
to obtain the sufficient accuracy. The tunnel ahead prediction methods have been
introduced to overcome this limitation in the stage of site investigation. Probe drilling
can obtain the core and borehole images from a borehole. However, the space in TBM
for the probe drilling equipment is restricted and the core from probe drilling cannot
reflect the whole tunnel face. Seismic methods such as tunnel seismic prediction (TSP)
can forecast over 100 m ahead from the tunnel face though the signal is usually
generated using the explosive which can affect the stability of segments and backfill
grout. Electromagnetic methods such as tunnel electrical resistivity prospecting
system (TEPS) offer the exact prediction for a conductive zone such as water-bearing
zone. However, the number of electrodes installed for exploration is limited in small
diameter TBM and finally the reduction of prediction ranges. In this study, the
theoretical equations for the electrical resistivity survey whose electrodes are installed
in the face and side of TBM to minimize the installed electrodes on face. The
experimental tests were conducted to verify the derived equations.
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Fig. 2. Sectional view of tunnel and equipotential surface area of side electrode

4)

138

Journal of Korean Tunnelling and Underground Space Association



Derivation and verification of electrical resistivity theory for surrounding ground condition prediction of TBM

2 2 o|7~| I

HOo
_I_

gloF e 2ol 6 BAwt 2191 @A ANt vl A e Aol e 2

Yozl 7 g]of] Y=gt 7145 H(Fig. 3),

nesto] ofzle} o] Fahe ATt 2w Aol WU, V) S EET S 9
d/2 d/2+h
_pl pl
V,= dx + ——F—d
3 r A ( ) . d/2 Al(x)+A2(17) o
( L ) L+h
+ —/ dm +/ ———dx
d/2+hA ( ) /2+h JFA ( )
effect of M” effect of N”
d/2 T d 3d/2 T
V,=— / P da+ T A +/ =
' , A @) S A )+ AL () > ! A,@)+ 4, @)
d+h
ol
+ d
sajs Az@)+ A @)+ Ay (@) + Ag (@)
n _f\/(2L+/l) +(]2/4 p[ dx)
3d/2 As(z)+ A, (x)+ Ay (z)+ Ag ()

effect of M”

2L+ 2h p[
+/ d
safs Az@)+ A @)+ Ag+ Ay

effect of N”

olwf, L-& g2} hXEt Aty 751t ek TBMo| 22k 23]
ﬁi—i_@&! —1:—E- 3317:] o]—Oq _l_ﬂ o ]:]—/\] —;L/\Jl OHO]: o]—]:]— 37(]—_4 /\1141 _]‘]__(_)4 H]_]__]I_E /\]__g_% O]

4% r_u

o

S A0 ARy T 25 ALelo] 23 7

b2 73

o

4
39,

B}o] Lo] 445 =

24

&/ H(Method of image, Hong et al. 2019a)2} E]E 135

Ao R Ry LTE
FHE

®)

(6)

™

Journal of Korean Tunnelling and Underground Space Association

139



Chang-Ho Hong - Minhyeong Lee - Gye-Chun Cho

Conductive boundary

Distance to tunnel face, h

< » NII
S, 57}
M”
Tunnel diameter, d &) ©

Distance to the anomaly, L

Imaginary electrodes

Fig. 3. Configuration of tunnel near the conductive boundary
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