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Study of full-space numerical modeling of advanced exploration

in tunnel with DC Focus resistivity method
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Abstract Conventional tunnel DC resistivity advanced detection method for survey behind the
tunnel face is influenced by the tunnel body and working environment which greatly increase the
difficulty of data interpretation. Using the principle of same current repelling each other, and
with reference to the vertical ground resistivity sounding and DC laterlog technology the authors
proposed a vertically focused advanced detection scheme on the tunnel face and the wall which is
good for tunnel space. Finite element numerical simulation method (FEM) was used to simulate
the effect of focused advanced detection method in three—dimensional tunnel space. Compressed
storage technology and preconditioned iterative algorithm greatly improved the efficiency of
forward modeling as well. Comparison between the FEM modeling results and analytical results
of full space tunnel models and physical simulation results in soil bin showed that the accuracy of
forward simulation meets the requirement and the designed focusing detection device of the
vertical gradient and the potential can achieve the purpose of focused advanced detection. The

results that simulated complex models in the conditions of vertical focused observation showed
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that the scheme can effectively detect the ill geologic bodies in front and side tunnel.
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Tunnel vertical focusing device (a) face potential detection mode and

(b) profile gradient detection mode
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Fig. 5

Model of Low-resistivity fracture zone ahead the heading and computational results

(a)Model of Low-resistivity fracture zone; (b) Potential curves of shielded focus survey and point source survey.
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(a) Combined model in two layers, (b) Computational results of normalized potential curve with different focusing electrode spacing.

B (10 m X 10 mX 6 m) Fl— KR (10 m X
2 mX20 m), & BLAKHL LA o0 = 1000 Qm., fIKEH
RHLBH AR 0, =5 Qm, [ A HL LA oy =200 Qm ([
Ta). V& R4 F P B ) 5 B Dy =22 m, FMIE
BHAR D, =30 m, = BELARZE By 6 m. BRBCH
WM IE A’A" %0 2 mo4 m F1 6 m, FEA TP
7t e PR B 3 £ v

b Fi AR AR Sy B 2 T 3 S B BE RS AR AR
A — A A WRFAE 2R 1] LUE L B i A
(AT o 2R ZE RS AR bR 14 m B0 E TFIG B FF . B fr
RS BEAR 8 s FE A AL AR 8 mAi B Ik B IE MR AE
UM A A A A S T XGT L A e LR AR fh T 5 DA U
i fol T 5y o B 2 422 8 A R BELAY J5T L 32 B A
6 o A0 BH AL A 1 52 0 L 5 — v A7 it 42 OF 4G T G
R 3E 2 B S 7R PR SR R IR 2 m B AE
e BEL A T P 3 0 HlE e AR AT BEL A X, 3 )

SIPAEFT M4 T R B © i 8 R R S i Uk
CIRPR (iR i e o (e A (e TV B oY - R
S R B 3 0 R T R e BELAA BB
Tt 3 A 1 D AT 0h 4 A0 G R 3 s 300 75 H A5 AR 15 5 A
BARBEAR 05 |7 HL i 75 G B 30 0 S v, 7 Fof 8 30 4
)RR . BT 58 0] DL S Bl 2 JF i F A B 1Y
H K o v BEL S 114 RS P Oz 348 R, K BEL S % 1) W L A
IR
6.4 AN

B HERSEE R SR 7 m X7 m, JE % A
100 m Zb By b 38 55 i A7 78 — I B AR IR 44, 5 AL R~
60 mX 20 mX 10 m. K BH A 2 - 1f 5 B i O RE
£ S T A A B S Dk I L L KT AR RS (R A A
G5 5y R 3.1 RN 2) 5 b T8 I A RE A G v R g
2 m. ARBHAR B LB Ry o0 =5 Qm, [ 5 B
0, =200 Qm. >R F R E Y H R AR R



44 [ISEPIE %1

TE 427 (1) 3 2R 8 o TR0 A UL BT T 1137

A'AMNA" 2 8, Bt AR #0085 m P9 i
B AR AA” TR AR BE S 50 m., EHLK A A F
S5 T FLR MIN BB 10 m 3053 S B 8 2 ) 10 ms
0 ) R D 200 m BT A [ BRGE i AR BE A
37 T ) 1 B T 8 DAy TR A i 37 B R L )
T 25 R AN A 8b Frw . P AR bR R MIN HL AR
[E1) R 37 22 A5 A o DAy ) T 0 I 5 DAL R AT R
R B2 2 L ) T 0k R 408 A S e e BT T 5 A
IF] 7 BRI AE 1) 4 AE BEL A 15 38 5 1 B 67 B R R 2
ERBHACAR AAE 11 5 0 38 U] BE S A7 6 (G 1 (8D
B 2 FEL A7 S5 1Y) e 5 R e 9 20 1) ) BUAE i R
A HE A TR BELARCAR A 1) 30 5867 5 A ARG BELARCER
ARy P [0 ASE A B2 FL 0 A8 AR R0 5 2 AR BELASCAR A
AT 1] 5 T R S (2 2 60 8D » 1 5 Al o 57
i FELATS 2% 1y AR AR A% W A 22 e o 14 300 57467 B

AT E 1 AN [ 2 S 8 i Bk R AR L i HL 2R
AR e (1 08 (52 B S 74 e B2 5 00 e AR
A H 2000 B o 5 2 B 5 14 14 32 30 728 R AR X TR
WL Az o 5 | S 1Y) S5 0T i S A 5 R LA 5 2SR
FELARCIR (A A 1) 5 5T ) BE e B (255 3 (08D . B
JEE R 07 K e (L5 A AV A P B D ) T P 22 0 Al
ARVR A 0 (07 B W (B (07 B AR 4 9 S ket 1 R B Al
AR 0 5. Horb B 8a v il £ I i) 4 5 5 A
8b H R BHLAA AL Y 5 5 Xof .

T4 8
(1) TR A4 Hb T L BEL 256 36 170 30 9 1 R B 9

0 T I H B 72 B A 98 B Al _E B HE T
A 5 TR R B ) oS Y AL e R A R

[ #; Adjoining rock 5 f4 1.3 ]
=200 2m High-resistivity bods 3
P3 High-resistivity body 1.6
. =1000 Q2 =
yiviti & 8. 1.4
Tunnel 1.2
e
R P! fIGBH 4 s 13
Ldw-resistivity body) 0.8
7m = —— | /2=50m 0.6 ]
"T|__"_' P 0.4 7
2 02 ]
Electrode g, AR RARE R AR RN AR ABRS
| 2 ! S 30 26 22 18 14 10864 20
Dim
(a) (b)

B 7 A R A RN AR R AR A R
Ca) 75 LR WA R0 5 (b S [ 38 Bl 5 45 2R

Fig. 7 Computational results of model with vertical focus detection on tunnel face

(a) Model with High-resistivity body shielded; (b) Results of normalized potential curve with different focusing electrode spacing.
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Fig. 8 Computational results of model with vertically focused gradient profile survey in tunnel

(a) Low-resistivity model beside tunnel wall ; (b) The curves of gradient potential on profile.
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