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A Study on Applicability of Electrical Resistivity Survey
in Mechanized Tunnelling Job-sites
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ABSTRACT : 1t is essential to predict ground conditions ahead of the tunnel face during tunnel excavation. Various studies on tunnel
prediction method of the ground condition ahead of the tunnel face have already been done and applied to in mechanized tunnelling
job sites. So, all the methods used in mechanized tunnelling to predict ground conditions ahead of the tunnel face were reviewed. A
questionnaire surveying Tunnel Boring Machine (TBM) operators with at least 10 years’ experience in TBM operation was used to
determine the requirements for prediction methods as well as the distance from the tunnel face that must be assessed. Based on the
result of questionnaire survey, the most feasible prediction methods applicable to mechanized tunnelling job-sites are suggested. One
of the prediction methods applicable to mechanized tunnelling job-sites might be the electrical resistivity survey by utilizing the disk
cutter on the cutterhead as electrode. So, in this study, laboratory tests were performed to evaluate the feasibility of prediction method
utilizing electrical resistivity survey at mechanized tunnelling job-sites. It was found that geological condition ahead of 0.3 times of
TBM’s diameter from tunnel face could be predicted.

Keywords : Electrical resistivity survey, TBM, Prediction method, Tunnel
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Fig. 1. Conceptual diagram of TSP applied to a TBM (Geotechnical
Investigation Technical Commitee, 2004)
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Fig. 5. Borehole radar exploration developed by Bo—Ra—tec, Germany (Richter, 2011)

H AR ETE QojAls atE 22 e o QHEu Axput Aloj7| 258 EYHs 5y A5s 9 AD Hg

Q A7)7F AR AL STt o= Thdo] ARt o 710l M&EAA 25kHZ] A ISP AAlste] HlolE 7t

o] ARk 2710 A& 7HssiL, )Tt w2 Aol G55 AE Tt = s ALEE 22 Qv 3T

% #-go] ofHrh SAlol TBM 7|AHlo|HE 7| Estes Hof glom, 113

npzo] oA et Floly HAks dukA el ASE AT, 5714%, SAASE A&H R R Es}e] o]
olt] ] Fug: tf el 350 ~400MHz K T} W ZA a4 o] A5 5313k

150MHz2] )& 7[R = ARPE o]-&35to] upgbao g
2~5m AZ7MA] B} 7ssi) HEke] SjA e Al 59}

38 >> A Study on Applicability of Electrical Resistivity Survey in Mechanized Tunnelling Job-sites



3. TBMO| X § JIgt

H|m 2

ST oI

2 AtollAl= TBM LHHoEE o R HEXAME
Feysto], TBMeo| A8 7Ha3st 9 57|92 At
4w} Sl thet AR 4 =3kt AR
ZALR @olxl TBMO| -8 7hs3gh WP of| 57| H 2
QAT AR TBMO| A ARE-E = 2w o 7))
o] H|ALE F3ystqich

TBM 39 A7 o]5-<t TBM ¥4 A4 A9 8 11
ALkl EH?‘& 5_*} éﬁmﬂ 29 g FALA TBM 3

TBM
e e A ’5‘}04 7<lXﬂ/\l F% =YL =N Xﬁﬂ

2

o 2 ofE ol oo
ofd
N
mlm
-
A
_?L
ki
dg
N
P
3
\1
Ol'
T
m
N
o
ofy
o
ot

B e
L
s}

TBM 2O €d AT Fol MRS WAA)E
29 A% 2 29 a7 444 2w A 2l
o T 4 otk Y TBM BYIEAE] AHE &
2 g AERAL A TBM AF A9 EejE AR 7he
o) oF 86% HE=7t XA aslo] 2Asto] wAyste 1}

Roof of
Side of TBM

Others, 3%

(a) Problem occurrence by location

HA] 14%= 71412 81lef ofsf wAshs A o® Lehdtt
(Fig. 6). & 71A12l 8Bt 2182l 8oz WAst
= AFEZE0] oF 6H] ol Wk Al EERE ¢l
22p2H}lo] E7Fs sl A AL TBM ul7) stsirut Ak
ol 7]o]=(Stoppage) Aol LAYt F717F AA S+
= Stk ERE upgHe A ErjEo] 2 WAstH, o2 7}
A A-R2A FolA wile- =RRE A ARk, st A
EgEo] A5 2AstE A2 Y tBae & Chang,
2006).

£ Agelde Ul TBM 221 5 TBM 23eo]E &2
BTARE Tefshr] f1ste] Ul TBM @7oll A 2 6}~
104 79 o]de] Lujgo] wE
Pateiet. dhRre] SEHA7E TBM AlE & t_r}xokxdmo %
g S 5T = ATk AS3E Aol Tkl AR
o] =go] Hrka g3ick g AT Hegy
RGeS AlASH] sl dadh Wy gAREE
5~20m= uepton], ojuf gAfsof & & oA o]
(Hh = WeRdtFig. 7).

TBMo| A5 B o2/ HES 488 5 gt

] a5kl Table 19] A=) sh3lth

A8 Azt g EE B Apol

Eah

O

WE ol

AHE 274 9 RS

HAR O] whebA 2

Water, 5%

'~

Insufficient Others, 5%

cover depth, 5%

(b) Geological conditions causing problems

Fig. 6. Distribution of geological problems during TBM construction (Bae & Chang, 2006)
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Fig. 7. Requirements for predicting ground conditions ahead of the tunnel face
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Table 1. Geological conditions and depth of exploration by technology for predicting ground conditions ahead of the tunnel face (Lee,

2014)
Company Method Applicable geological condition Depth of exploration
AMT Seismic prospecting (TSP) Harder than soft rock 100 m
AMT herrenkecht Seismic prospecting (SSP) Harder than soft rock 30 m
GET Electrical prospecting (BEAM) All soil types 15~20 m
Electromagnetic survey .
Bo-ra-t Almost all soil -
o-ra-tec (Borehole radar) most all soil types
Seismic prospectin;
Hitachi zosen p P e All soil types, groundwater must be present 20 m
(acoustic wave)
Seismic prospectin,
Kav.vasaki .heavy (lRaylleiZh le)/ave)g All soil types, unsuitable for soil with high moisture content 10 m
industries - . K . R R
Electromagnetic survey (GPR) All soil types, unsuitable for soil with high moisture content 2 m
[HI Electromagnetic survey (GPR) Almost all soil types, unsuitable for soils containing clay, salts 1.5 m
Easy t ly t dy soil, difficult f lorati
Electromagnetic survey (GPR) asy 1o apply fo sandy SOI, ! 1'cu or exploration 2 m
Mitsubishi heavy of cohesive soil
industries Seismi ti
ersmice pr.ospec ne Groundwater must be present -
(Ultrasonic wave)
Electrical ti Almost all soil i k 11 wh d wat
Komatsu ec I’lf:a pros.pe.c {ng most all soil types, meas1.1r1ng works well when ground water 50 m
(Electrical Resistivity) is present
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Fig. 10. Electrode format according to electrode array (Lee, 2014)
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Fig. 13. Schematic diagram of laboratory experiment setup
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Fig. 14. Effect of the location of fault zone
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